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POLVCVTllKMIA 

LOUIS  R.  WASSERMAN,  M.I),  and  FRANK  BAS8I0N,  M  l). 
New  York,  N.  Y. 

I'olycydx'mia  refers  to  an  in('rea.s(>  above  normal  in  the  number  of  eirculating 
eryl lirocy te.s  and  may  be  classified  as  follows: 

I  RELATIVE  POLYCYTHEMIA 

A  Secondary  to  fluid  lo.ss  or  fluid  shift 
B  Idiopathic  (sti'ess) 

II  ABSOLUTE  POLYCYTHEMIA 

A  Secondary 

1.  a)  Cardiac 

b)  Pulmonary 

c)  Respiratory  center  dysfunction 

d)  Abnormal  hemoglobin  pigments 

e)  High  altitude 

f)  Capillary  stasis  and  stagnation 

g)  Bone  marrow  capillary  fibrosis 

2.  Humoral 

3.  Hormonal 

4.  Nevirogenic 

5.  Cobalt 
B  Primary 

1.  Erythremia 

REL.\TIVE  POLYCYTHEMIA 
Sccondarij 

In  relative  polycythemia  the  total  circulating  red  cell  mass  is  normal  or  even 
decreased  but  there  is  a  slight  to  marked  reduction  in  the  total  plasma  volume 
resulting  in  a  relative  increase  of  erythrocytes  per  unit  volume  of  blood.  This 
syndrome  may  be  associated  with  an  excessive  loss  of  body  fluid  as  in  hyperemesis, 
protracted  diarrhea  or  excessive  sweating.  In  adrenal  insufficiency,  hemoconcen- 
tratiou,  with  a  shift  of  fluid  from  the  plasma  into  the  tissues,  may  result  in  pseudo- 
polycythemia;  and  shock  due  to  various  causes,  with  loss  of  fluid  into  the  extra- 
vascular  spaces,  may  show  a  similar  picture.  The  polycythemia  associated  with 
infections,  particularly  tuberculosis,  is  most  likely  due  to  Addison's  disease,  the 
result  of  adrenocortical  necrosis.  The  plasma  volume  in  such  instances  may  be  as 

From  The  Department  of  Hematology,  The  Mount  Sinai  Hospital,  New  York,  N.  Y. 
The  varioiLs  studies  reported  in  this  paper  were  aided  by  the  Albert  A.  List  ,  Frederick 
Machlin  and  Anna  Ruth  Ijowonherg  Research  Funds. 
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low  as  1,")  20  ml.  kjj;.  body  weight  as  coinparcd  with  the  normal  of  al)()ut,  40 
ml.  kg.  body  weight.  In  all  of  these  conditions,  regardless  of  etiology,  the  total 
blood  \  ()hune  is  decrea.sed  as  a  result  of  the  plasma  depletion.  The  cause  of  this 
type  of  polycythemia  may  be  determined  from  a  good  history  and  physical  ex- 
amination. Only  a  blood  volume  determination,  however,  will  intlicate  the  true 
nature  of  the  i)olycythemia  since  the  red  count,  hemoglobin,  and  packed  red 
cell  \-iilunic  do  not  differentiate  between  relative  and  al)S()lute  polycythemia. 
Therapy  is  obviously  directed  at  correcting  the  etiologic  factors  causing  the  loss 
or  shift  of  body  fluid. 

Idiopalhir  (Stress) 

Relative  polycythemia  of  undeti'rmined  origin  has  l)een  reported  as  hypo- 
volemic polycythemia  (1),  pseudopolj'cyt hernia  ("2),  and  stress  erythrocyto.sis 
(8).  Recently  Lawrence  and  his  associates  {'.i)  found,  in  almost  10  per  cent  of 
cases  referred  to  them  for  treatment  of  polycythemia  A  cra,  a  low  plasma  volume 
with  no  true  increase  in  the  total  red  cell  volume.  Clinically  these  patients  with 
low  plasma  volumes  had  many  similarities,  i.e.,  they  were  predominantly  male, 
appeared  plethoric  and  about  half  were  somewhat  o\'erweight  and  hypertensive. 
Symptoms  were  similar  to  those  of  polj'cythemia  vera  l)ut  there  was  no  sple- 
nomegaly nor  leukocytosis  nor  thrombocytosis;  the  arterial  oxygen  saturation 
was  normal  and  there  was  no  demonstral)le  evidence  of  cardiac  or  pulmonary 
pathology.  Contrary  to  the  findings  in  .secondary  erythrocytosis  or  polycythemia 
vera,  the  study  of  iron  kinetics  in  such  patients  utilizing  radioactive  Fe*^  has 
revealed  a  normal  iron  tiUMio\-er  in  the  marrow  sigiiifving  normal  ervthrogenesis 

(4)  . 

This  p.seudopolycythemia  may  occur  de  novo  with  no  specific  etiologic  factors 
responsible.  Lawrence  has  suggested  that  it  might  be  a  reaction  to  the  stress  of 
daily  living  hence  the  term  "stress  erythrocytosis"  (3).  An  awareness  of  its 
existence  is  important;  it  is  only  by  doing  blood  volume  studies  in  all  cases  of 
unexplained  polycythemia  that  these  cases  can  be  singled  out.  Therapy  on  the 
whole  is  unsatisfactory;  reducing  the  red  cell  mass  in  these  patients  should  be 
avoided. 

ABSOLUTE  POLYCYTHEML\ 

Sccdndary 

A  noxic 

By  far  the  most  common  cause  of  absolute  secondary  polycythemia  is  anoxemia 

(5)  .  Erythrocytosis  of  a  mild  to  severe  degree  may  be  seen  in  any  cardiac  or 
pulmonary  condition  which  intei'feres  with  the  proper  oxygenation  of  the  blood. 
Probably  the  most  extreme  degree  of  secondary  anoxic  polycythemia  is  seen  in 
the  cyanotic  type  of  congenital  heart  disease.  Of  the  pulmonary  conditions,  ex- 
tensive fibrosis  of  the  lungs,  idiopathic  or  secondary,  and  emphysema,  produce 
severe  anoxemia  due  to  impaired  pulmonary  diffusion  of  gases.  It  would  appear 
that  the  degree  of  polycythemia  is  directly  related  to  the  severity  of  the  anoxic 
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state.  Although  tlie  red  coll  increases  may  approximate  those  t'ouiid  in  polycy- 
themia, the  white  cells  and  platelets  are  not  si}2;nificaiitly  elTecled.  Interestingly 
enough,  the  platelets  in  the  congenital  forms  of  heart  diseas(!  may  be  markedly 
reduced  (0);  no  satisfactory  explanation  has  been  found  to  account  for  this 
thrombocytopenia  but  it  assumes  considerable  importance  when  cardiac  surgery 
is  contemplated  in  such  cases,  since  sever(>  uncontrollable  l)leeding  due  1o  the 
throml)openia  may  be  a  serious  problem. 

The  recognition  and  proper  evaluation  of  this  type  of  polycythemia  is  usually 
easy  since  the  underlying  pathology  is  generally  apparent.  If  there  is  doubt, 
blood  volume  st  udies  and  a  determination  of  the  arterial  oxygen  saturation  must 
be  performed.  The  arterial  oxygen  saturation  in  these  anoxic  states  is  invariably 
low  in  contrast  to  the  low  normal  or  normal  values  in  polycythemia  vera  (7-11). 
Bone  marrow  aspiration  is  of  no  diagnostic  value  in  differentiating  true  from 
secondary  polycythemia  (12-14);  although  the  megakaryocytic  and  leucoblastic 
activity  are  not  increased  in  the  secondary  types,  the  normal  fatty  marrow  may 
be  replaced  by  active  hematopoietic  tissue  as  in  polycythemia  vera.  Trephine 
biop.sy  on  the  other  hand  has  been  helpful  in  the  diagnosis  with  the  panmyelosis 
of  polycythemia  vera  absent  in  anoxemic  erythrocytosis  (15,  IG). 

Treatment  must  be  directed  at  correcting  the  underlying  pathology  and  thus 
increasing  the  available  oxygen  supply  to  the  tissues.  In  some  of  these  cases 
there  may  be  overcompensation  of  erythrocyte  production  with  the  red  cell 
increase  greater  than  necessary.  This  great  mass  of  red  cells  may  then  only 
aggravate  the  condition  and  cause  many  of  the  associated  symptoms.  Venesec- 
tions performed  cautiously  have,  in  such  instances,  given  considerable  relief. 
X-irradiation  to  the  long  bones  and  radioactive  phosphorus  has  also  been  suc- 
cessfully employed  in  the  management  of  some  of  these  patients  (17). 

Polycythemia  has  been  reported  in  patients  with  no  evidenc^e  of  cardiac  or 
pulmonary  pathology  yet  anoxia  has  been  pre.sent  due  to  unexplained  alveolar 
hypoventilation.  In  some  of  these  cases  the  polycythemia  has  been  associated 
with  marked  obesity  (18-21).  It  has  been  postulated  that  reduction  in  functional 
residual  capacity  occurs  with  extreme  obesity.  This  may  be  due  either  to  a 
mechanical  effect  or  else  to  a  reflex  effect  giving  rise  to  a  diminished  tidal  volume 
(18-20).  An  associated  decreased  sensitivity  of  the  respiratory  center  may  pro- 
duce intermittent  hypo\'entilation  and  hypoxia  with  compensatory  polycythemia, 
increased  pulmonary  vascular  resistance  and  hypertension,  and  even  congestive 
heart  failure  (18,  19).  This  syndrome  is  reversible  following  weight  reduc^tion. 

Impairment  of  the  respiratory  centrogenic  drive  without  any  known  cause  with 
anoxemia  and  compensatory  erythrocytosis  has  been  reported  by  Pare  and 
Lowenstein  (22).  Their  case,  which  unequivocally  demonstrated  for  the  first 
time  respiratory  center  dysfunction,  showed  a  markedly  reduced  alveolar  minute 
ventilation  at  rest,  a  decrease  on  breathing  100  per  cent  carbon  dioxide  and  a 
poor  response  to  five  per  cent  carbon  dioxide.  Although  patients  with  emphysema 
might  also  show  a  similar  response  there  was  no  evidence  of  idiopathic  ol)struc- 
tive  emphysema  with  a  normal  total  capacity,  a  normal  vital  capacity,  residual 
volume  and  ratio  of  residual  volume  to  total  pulmonary  capacity.  In  adflitioii. 
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luaxiinuin  l)reathing  capacity  was  normal  and  voluntary  hyperventilation  did 
saturate  the  arterial  lilood.  Thus  the  basic  detect  in  this  patient  was  one  of  an 
increased  respiratory  rate  with  a  normal  minute  ventilation  accounting  for  a 
greater  dead  space  volume  of  ventilation  per  minute.  This  aveolar  hypoventila- 
tion then  resulted  in  hypoxia  and  hypercapnea. 

Alveolar  hypoventilation  has  also  been  demonstrated  in  patients  with  residual 
respiratory  paralysis  complicating  poliomyelitis  (2:^).  Intermittent  mechanical 
assistance  to  respiration  in  these  patients  im))ro\-ed  the  hypoxia  antl  resulted  in 
lower  red  cell  levels  (24). 

Anoxemia  may  be  the  result  of  low  atmospheric  oxygen  tension,  as  seen  in 
people  living  at  high  altitudes  (25-28).  The  polycythemia  that  de\elops  under 
these  circumstances  is  due  to  increased  erythrol)lastic  actix  ity  in  the  marrow 
and  may  l)e  marked,  but  again  the  white  cells  and  i)latelets  are  normal  and  there 
is  no  hepatosplenomegaly  (29,  30,  11).  The  red  cells  fall  rapidly  to  normal  after 
return  to  sea  level  and  there  is  no  residue  of  the  previous  polycythemia.  A 
condition  knowai  as  chronic  mountain  sickness  may  de\'elop,  with  erythrocytosis 
becoming  more  marked  due  to  extreme  anoxemia  (26,  27).  Although  the  exact 
cause  in  many  cases  is  unknown,  this  syndrome  may  well  be  due  to  pulmonary 
fibrosis  or  silicosis  superim{)osed  upon  the  preexisting  low  oxygen  tension.  There 
seems  to  be  no  doubt  that  hypoxia  produces  increased  erythrogenesis  (31)  yet 
Reissman  (32)  has  demonstrated  bone  marrow  hyperplasia  without  the  mediating 
ancjxemia  in  parabiotic  animals.  This  would  implj'  and  support  the  existence  of  a 
humoral  factor,  recently  isolated,  as  controlling  erythropoieses  (33-39). 

Polycythemia  due  to  anemia  anoxia  may  occur  as  the  result  of  a  defect  in  the 
hemoglobin  of  the  red  cells  which  interferes  with  their  ability  to  utilize  a\'ail- 
able  oxygen.  Unless  there  is  a  congenital  deficiency  in  an  enzyme  such  as 
methemogloliin  reductase  (40)  this  is  usually  the  result  of  chronic  poisoning  with 
carbon  monoxide  or  aniline  derivatives  particularly  acetanilide,  nitrite,  etc., 
which  produce  abnormal  hemoglobin  pigments  such  as  carbon  monoxide  hemo- 
globin, methemoglobin  and  sulfhemoglobin  (11,  41).  The  oxygen  combining 
capacity  of  the  blood  is  reduced,  resulting  in  a  condition  simulating  anemic 
anoxemia,  with  no  reduction  however  in  red  cell  mass.  Erythrocytosis  secondary 
to  accfuired  methemoglobinemia  or  sulphemoglobinemia  will  persist  for  the  approx- 
imate duration  of  the  life  of  the  almormal  red  cell  after  the  noxious  agent  is 
removed. 

Anoxemic  polycythemia  as  the  result  of  extreme  capillary  dilatation  with 
stagnation  of  red  cells  has  been  hypothesized  (5);  and  relative  bone  marrow 
anoxemia  as  the  result  of  thickened  fibrotic  sclerotic  bone  marrow  capillaries  has 
been  suggested  as  the  cause  of  polycythemia  vera  (42)  (for  further  discussion  of 
this,  see  section  on  polycythemia  A'era). 

Humoral 

The  concept  of  the  humoral  regulation  of  erythropoiesis  stems  from  the 
original  observations  of  Carnot  and  Deflandre  in  1906  (34)  who  produced  rapid 
anfl  marked  erythropoiesis  in  normal  rabl)its  by  injecting  them  with  plasma  from 
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anemic  animals.  In  addition  to  a  marked  increase  in  red  cells,  the  hone  niari'ow 
was  ioiind  to  show  erythroid  hyperplasia.  Althoufi;h  conflicting;  opinions  (4;^-45) 
concerning  the  existence  of  this  humoral  factor  "hemopoietine"  were  reported 
and  interest  in  it  seemed  to  decline  until  recently,  the  intensive  investigations 
of  Erslev  (35),  Linman  and  Bethel  (38,  39),  Borsook  et  al  (33),  Jacobson  (36,  37), 
and  others  (40-48),  ha\-e  tended  to  confirm  the  original  hypothesis  of  Curnot 
and  Deflandre.  Fried,  Plzak,  Jacobson  and  Goldwasser  (49)  have  been  able  to 
show  the  presence  of  this  red  cell  stimulating  substance  more  effectively  by 
using  hypophysectomized  rats  as  more  sensitive  recipients.  Although  the  exact 
site  of  the  origin  of  erythropoietine  still  is  obscure,  as  is  the  mechanism  of  its 
formation,  recent  evidence  seems  to  focus  on  the  kidney  as  the  mediating 
organ  (37).  It  appears  that  the  rate  of  erythropoiesis  may  be  controlled  by  circu- 
lating "erythropoietine"  and  its  production  in  the  kidneys  determined  by  the 
oxygen  supply-demand  relationship  of  the  body  (37).  The  increased  erythro- 
poietine may  be  the  direct  result  of  anoxemia  and  be  responsible  for  secondary 
erythrocytosis,  but  its  relationship  to  polycythemia  vera  has  not  been  elucidated 
as  yet. 

Hormonal 

Endocrinal  influence  on  erythropoiesis  has  been  extensively  investigated.  The 
thyroid,  adrenals  and  gonads  appear  to  play  little  or  no  role  in  red  cell  pro- 
duction (5).  On  the  other  hand  the  relationship  of  the  pituitary  gland  to  erythro- 
poiesis is  well  established  (50-57);  hypophysectomized  animals  almost  always 
develop  a  30  per  cent  reduction  in  red  cells  with  a  hypoplastic  bone  marrow  and  a 
decrease  in  erythrocyte  precursors  (5,  54,  55,  57).  Van  Dyke  et  al  (56)  found  a 
marked  reduction  of  the  erythropoietic  response  to  hypoxia  in  addition  to  the 
severe  anemia.  These  data  plus  the  fact  that  erythropoiesis  is  stimulated  in 
normal  animals  by  fresh  anterior  lobe  of  pituitary  gland  would  seem  to  indicate 
the  existence  of  a  specific  pituitary  hormone  that  has  a  direct  stimulating  effect 
on  bone  marrow  erythropoiesis.  This  hormone  is  distinct  from  ACTH  (56)  and 
is  apparently  unrelated  to  the  humoral  agent  "erythropoietine". 

Neurogenic 

The  relationship  between  red  cell  formation  and  an  erythropoietic  regulatory 
center  in  the  brain  has  l)een  suggested  by  the  many  clinical  associations  of  brain 
tumor  and  polycythemia  (58-62).  Although  blood  volume  studies  were  rarely, 
if  ever,  reported  in  such  cases,  hemoconcentration  may  have  accounted  for  the 
apparent  polycythemia  in  some  instances.  Experimental  studies  attempting  to 
relate  erythropoiesis  to  central  nervous  system  function  have  been  carried  out. 
Such  procedures  as  injuries  to  the  midbrain  (63),  electric  shock  (64)  and  lumbar 
or  cisternal  puncture  may  produce  a  temporary  polycythemia  (65-67)  but,  as 
noted  by  (irant  and  Root  (5),  too  many  reflex  responses  occur  to  constitute 
evidence  favoring  any  special  neural  center  controlling  red  cell  formation. 
Haynal  and  CJraf  (60)  however,  entertained  little  doubt  that  there  was  a  relation- 
ship between  polycythemia  and  a  red  cell  regulatory  center  in  the  brain  located 
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in  the  hypothalamic-hypophyseal  area.  Pituitary  hypert'unction,  demonstrated 
in  four  polycythemif  patients  by  them,  was  treated  by  irradiation  of  the  hy- 
pophysis (60).  Completely  negative  results  were  obtained  in  two  patients  and  at 
best  equivocal  responses  in  the  other  two.  Many  years  prior  to  this,  as  a  result  of  a 
report  by  Moehlig  and  Bates  ((51)  suggesting  a  relationship  between  the  pituitary 
and  erythropoiesis,  Bassen  irradiated  the  pituitary  in  five  cases  of  polycythemia 
vera  with  completely  negative  results  (68).  The  question  is  far  from  being 
answered  at  this  time  but  the  possibility  of  a  relationship  between  erythropoiesis 
and  some  neurogenic  stimulus,  cannot  be  completely  dismissed. 

Cobalt 

The  ability  of  cobalt  to  stimulate  red  cell  production  and  pi'oduce  polycythemia 
in  man  and  animals  has  been  established  (69-73).  It  acts  solely  upon  the  erythro- 
poietic tissue  through  an  as  yet  obscure  mechanism.  The  erythropoiesis  which 
follows  the  administration  of  cobalt  is  accompanied  by  a  reticulocytosis  and 
an  absolute  increase  of  the  red  cell  mass  consisting  of  red  cells  normal  in  all 
respects  and  with  a  normal  survival  time  (70).  Certain  sul)stances  such  as  choline 
hydrochloride  (74),  methionine  and  cystine  (72,  75)  inhibit  the  action  of  cobalt 
and  the  prevention  of  cobalt-induced  polycythemia  has  been  accompHshed  in 
rats  by  the  administration  of  calcium  ethylene  diamine  tetra  acetic  acid  (76). 
Although  cobalt  may  act  by  inhibiting  those  enzymatic  activities  that  deal  with 
the  transport  of  oxygen,  there  does  not  appear  to  be  sufficient  evidence  for  this. 
Recently  Goldwasser  et  al  (77)  reported  the  increased  formation  of  "erythro- 
poietine"  in  cobalt  induced  polycythemia  thus  suggesting  a  similarity  in  the 
mechanism  of  cobalt  polycythemia  with  anemic  or  anoxemic  erythropoiesis. 

Primary  Polycythemia  (Erythremia,  Polycythemia  Vera) 

Polycythemia  vera  is  a  chronic  progressive  disorder  of  insidious  onset  charac" 
terized  in  its  early  phase  by  an  absolute  erythrocytosis  and  frequently  associ' 
ated  with  a  leukocytosis,  thrombocytosis  and  splenomegaly  (11,  16,  78,  79,  80> 
81).  Subsequently  there  develops  a  gradual  but  invariable  anemia  which  is 
usually  accompanied  by  leukemoid  or  leukemic  changes.  The  disease  was 
originally  described  by  Vaquez  in  1892  (82)  and  delineated  as  a  specific  disea.se 
entity  by  Osier  in  1903  (83)  when  he  reported  three  additional  cases.  Shortly 
thereafter,  Turk  (84),  Weber  (85,  86),  and  Blumenthal  (87),  broadened  our 
concept  of  the  disease  hy  directing  attention  to  the  increased  myeloid  activity 
accompanying  the  erythrocytosis  which  Vaquez  and  Osier  had  considered  to  be 
the  sole  hematological  abnormality. 

The  occurrence  of  granulocytic  leukocytosis  and  the  pre.sence  of  immature  red 
and  the  white  cells  in  the  peripheral  blood  of  patients  with  polycythemia  vera 
was  noted  by  Turk  (84)  and  an  overactivity  of  the  leukopoietic  as  well  as  the 
erythropoietic  tissue  due  to  a  primary  hyperplasia  of  the  marrow  was  suggested. 
The  associated  increased  megakaryocytic  activity  in  this  disease  was  reported 
by  Hutchinson  and  Miller  in  1906  (88).  Thus  it  became  apparent  that  erythremia, 
a  term  suggested  to  distinguish  the  disease  from  secondary  erythrocytosis,  was 
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not  inci'cly  a  diseases  of  the  red  cells  hut  act  ually  a  li('iuat,oi)oi('t  ic  (iisoi'dcr  in- 
volving all  the  marrow  constitiuuits.  It  was  not,  until  1911)  however,  27  years  after 
Vaquez'  original  description,  that  the  development  of  anemia  was  reported  for 
the  first  time  by  Freund  (89)  in  a  long  standing  case  of  polycythemia.  Anemia 
was  also  noted  in  three  of  15  eases  of  erythremia  i-eported  by  Minot-  and  Buchmari 
in  1923  (90)  who  suggested  that  the  greatly  increased  leucoblastic  and  mega- 
karyocytic  activity  in  the  bone  marrow  could  depress  erythropoiesis  and  account 
for  the  development  of  anemia  (90).  That  Innnatic  cellular  activity  could  event  u- 
ally be  crowded  out  by  fibrosis  and  osteosclerosis  of  the  marrow  was  described 
as  a  final  development  in  a  case  of  31  years  duration  by  Hirsch  in  1935  (91). 
As  a  result  of  many  careful  studies  it  finally  became  apparent  that  the  basic 
disturbance  in  this  disease  was  a  panmyelosis  manifested  chiefly  at  its  onset  by 
polycythemia.  The  hematological  changes  which  occur  during  the  course  of  the 
disease  are  detei-mined  by  the  tempo,  intensity  and  direction  of  the  stimulus  to 
the  various  cellular  constituents  of  the  marrow.  Recognition  of  the  varied  re- 
sponse of  the  hematic  and  non-hematic  derivatives  of  the  primitive  reticulum 
to  the  abnormal  proliferative  stimulus  is  essential  for  a  proper  understanding 
of  the  diverse  hematological  pictures  encountered  during  the  course  of  poly- 
cythemia vera. 

CLINICAL  AND  HEMATOLOGICAL  MANIFEST.\TIONS 

Polycythemia  vera  is  a  disease  of  the  middle  or  later  years  of  life  with  an 
average  age  of  diagnosis  of  48  years  ranging  from  about  18  to  80  or  more  years 
(Fig.  1).  It  is  rare,  however,  to  see  cases  under  30  years  of  age.  The  male  to 
female  ratio  is  about  1.8:1;  the  disease  occurs  in  all  races,  with  perhaps  some 
increased  incidence  in  Jews,  and  is  rarely  found  in  Negroes  and  Orientals.  Pa- 
tients with  polycythemia  vera  have  been  described  as  being  of  the  thin  "spare" 
type  although  the  majority  have  been  normal  with  only  a  small  percentage 
overweight. 

The  ovei'all  course  of  the  disease  may  be  arbitrarily  divided  into  the  poly- 
cythemic and  anemic  phases. 

Polycythemic  Phase 

The  symptoms  of  the  polycythemic  stage  are  referrable  to  the  increased  red 
cell  mass,  its  concomitant  increased  viscosity,  and  to  the  thrombocytosis.  Cardio- 
vascular symptomatology  may  include  angina,  dyspnea  on  exertion,  coronary 
disease,  intermittent  claudication,  erythromelalgia,  phlebitis,  thrombosis  and 
embolism.  The  blood  pre.s.sure  is  often  moderately  elevated,  as  would  be  expected 
in  the  age  group  represented,  but  normal  pressures  are  not  unusual  even  with 
markedly  elevated  red  cell  levels.  A  form  of  polycythemia  without  splenomegaly 
and  associated  with  hypertension  has  been  reported  by  Gaisbock  (92)  as  repre- 
senting a  separate  clinical  entity  but  the  existence  of  such  a  specific  condition  is 
highly  questionable;  it  is  more  reasonable  to  consider  the  hypertension  as  co- 
incidental in  those  cases  of  erythremia  without  splenomegaly.  Hemorrhage, 
particularly  following  minor  surgery  and  ranging  in  severity  from  slight  ecchy- 
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AGE  AND  SEX  DISTRIBUTION  OF  272  CASES  OF 
POLYCYTHEMIA  VERA 
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Fig.  1.  Age  and  so\  distrihiitioii  in  272  cases  of  polycythemia  vera.  The  average  age  at 
the  time  of  diagnosis  was  48.1  years  with  a  male  to  female  ratio  of  1.8:1.  (Reprinted  with 
I)ermission  of  the  publisher  from  Wasserman,  L.  R.,  Polycythemia  Vera — Its  Course  and 
Treatment:  Relation  to  Myeloid  Metaplasia  and  Leukemia.  Bull.  N.  Y.  Acad.  Med.,  3: 
343,  1954). 


moses  to  exsaiiguiiiation  frequently  has  been  the  first  symptom  to  call  attention 
to  the  diagnosis.  Cerebral,  gastrointestinal,  urinary  and  nasal  hemorrhages  may 
occur  at  any  time  during  the  course  of  the  disease. 

The  heart  may  appear  moderately  enlarged  in  some  instances  but  this  is  re- 
lated to  the  hypertension  and  the  arteriosclerosis  frequent  in  this  age  group 
rather  than  to  the  hypervolemia.  Atheromatous  changes  are  no  more  marked  than 
would  be  expected  and  the  coronary  vessels  may  be  relatively  unaffected  by 
sclerosis  (93).  Pierce  and  Gofman  found  the  serum  hpoproteins  to  be  normal  in 
erythremia  (94).  The  lungs  are  normal  but  almost  invariably  show  increased 
vascular  markings  on  x-ray. 

Headache,  transient  syncopal  attacks,  dizziness,  weakness,  paresthesias  and 
insomnia  are  common.  Pruritis  is  a  frequent  and  distressing  symptom.  Occasional 
cases  present  as  brain  tumors,  paresis  or  epilepsy  and  psychotic  manifestations 
may  obscure  the  diagnosis  (95,  96).  Associated  visual  changes  such  as  scotomata, 
blurring  of  vision,  muscle  paralysis  and  even  blindness  have  been  reported.  These 
severe  symptoms  disappear  rapidly  following  suitable  therapy. 

Gastrointestinal  symptoms  are  varied  and  non-specific.  Ulcers  occur  in  8.6 
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per  cent  of  tlie  patients  (II).  I'ressur(>  symptoms  due  to  sploiiomosiily  and 
hepatomegaly  occasionally  occur  (!>7)  and  hemorrliaf>;e  either  from  an  ulcer  or  a 
ruptured  varix  is  not  unusual  (11). 

\'ascular  thromboses  are  directly  related  to  the  \iscous  circulating  blood. 
Thrombosis  of  any  \  ein  or  artery  may  occur  and  embolic  phenomena  are  not 
infrefjuent.  Splenic,  portal  or  mesenteric  vein  occlusions  may  give  rise  to  serious 
complications  of  erythremia  (98).  Segmental  thrombi  of  the  splenic  vein  may 
cause  varices  of  the  fundus  of  the  stomach  with  intractable  hemorrhage  (99). 

The  increased  blood  volume  and  viscosity  produces  a  ruddy  cyanosis  that  is 
quite  characteristic  of  erythremia.  The  viscosity  of  the  blood  is  increased  propor- 
tionately to  the  increase  in  the  number  of  red  cells  (100).  The  circulation  time 
varies  almost  directly  with  the  viscosity  yet  the  cardiac  output  and  cardiac  work 
have  been  found  to  be  normal  (101-108).  Capillary  blood  flow  is  slowed  as  a 
result  of  the  increased  viscosity  with  many  of  the  symptoms  in  this  disease  due 
to  this  sluggish  capillary  flow  (11,  16,  104).  The  mucous  membrane  and  skin 
reflect  the  plethora  of  erythremia  and  together  with  splenomegaly  and  erythro- 
cytosis  form  the  tliagnostic  triad  recognized  i)y  Osier  as  characteristic  of  the 
disease  (88). 

Splenomegaly  occurs  in  about  75  per  cent  of  cases  (11,  10,  78)  and  may  vary 
in  size  extending  from  the  costal  margin  into  the  pelvis.  Although  initially  the 
spleen  may  be  enlarged  due  to  engorgement  with  blood  because  of  polycythemia, 
subseciuently,  proliferation  of  the  reticulum  and  its  derivatives  and  extramedul- 
lary  blood  formation  are  of  greater  importance  in  determining  the  extent  of  the 
splenomegaly.  The  liver  is  similarly  enlarged  in  about  half  the  cases  but  is  usually 
felt  only  a  few  centimeters  below  the  costal  margin. 

Examination  of  the  blood  is  essential  in  establishing  a  diagnosis  of  erythremia. 
During  the  polycythemic  stage  the  morphologic  changes  in  the  peripheral  blood 
reflect  the  panmyelosis  in  the  marrow.  Erythrocytosis,  polychromatophilia  and 
occasional  nucleated  red  cells  accompanied  by  granulocytic  leukocytosis  with  a 
shift  to  the  left  and  thrombocytosis  are  found  in  about  two-thirds  of  the  case 
(11). 

Examination  of  the  bone  marrow  in  erythremia  reveals  a  hyperplastic  grossly 
red  marrow  with  varying  degrees  of  replacement  of  the  yellow  fatty  marrow  of 
the  shafts  of  the  long  bones  by  active  hematopoietic  areas.  However,  the  aspirated 
marrow  in  polycythemia  vera  is  frequently  hypocellular  due  to  admixture  with 
peripheral  blood  from  ruptured  distended  capillaries  and  the  cjualitative  and 
quantitative  changes  unfortunately  are  not  usually  apparent.  Berlin  et  al  (12) 
using  P^'-  tagged  red  cells  found  that  the  marrow  nucleated  count  must  be  at  least 
five  times  the  peripheral  white  count  if  the  fiualitative  picture  is  to  be  signifi- 
cant. Assuming  a  satisfactory  specimen  the  marrow  shows  a  definite  increase  in 
megakaryocytes  and  early  red  cells  with  a  icduction  in  the  myeloid lervthroid 
ratio  (Fig.  2). 

The  increase  in  red  cell  concentration  is  always  due  to  an  increase  in  the 
total  circulating  red  cell  mass.  The  total  blood  volume  however  may  not  be  in- 
creased proportionately  due  to  a  reduction  in  the  plasma  volume  (105,  106).  In 
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Fig.  2.  Average  hone  marrow  resvilts  in  normal  patients  and  131  cases  of  polycythemia 
vera  before  treatment  contrasted  with  eryt hrocytosis  (seconilary  polyc\themia ) .  The 
questionable  reduction  in  total  nucleated  count  and  the  slight  increased  megakaryocyte 
concentration  in  the  bone  marrow  of  t liiemia  are  accompanied  by  a  decreased  Ai:E 
ratio  (aver.  2.5:1;  range  0.5  to  4:1).  Because  of  extreme  overlapping  in  all  groups  however, 
marrow  aspiration  findings  are  rarely  helpful  as  a  diagnostic  aid.  (Reprinted  with  permis- 
sion of  the  publisher  from  Wasserman,  L.  R.,  Polycythemia  Vera — Its  Course  and  Treat- 
ment:  Relation  to  -Myeloid  Metaplasia  and  Leukemia'.  Bull.  X.  Y.  Acad.  Med.,  3:  343.  1954). 


the  noi-mal  individual  the  red  cell  concentration  and  mass  are  remarkably  con- 
stant. Variations  in  the  erythrocyte  concentration  will  bring  into  play  compen.sa- 
tory  homeostatic  mechanisms  in  an  attempt  to  restore  the  changes  to  normal, 
which  may  explain  the  somewhat  reduced  plasma  volume  in  polycythemia  vera. 
The  normal  red  cell  volume  using  isotope  tagged  cells  as  indicators  ranges  from 
25  to  30  cc./kg.  (average  26  cc./kg.)  body  weight  (107).  In  polycythemia  vera 
the  total  blood  volume  may  range  from  72  to  over  100  cc.  per  kg.  with  the  red 
cells  constituting  the  greate.st  portion  of  this  increase  (105,  107). 

The  polycythemic  phase  of  the  disease  may  last  for  many  years  and  during 
its  course  considerable  variation  may  be  observed  in  the  white  cells  and  platelets. 
This  is  apparently  determined  by  fluctuations  in  marrow  activity  and  differs  from 
one  patient  to  another.  A  wide  variety  of  hematological  pictures  may  develop  so 
that  in  addition  to  the  polycythemia  there  may  be  qualitative  and  quantitative 
white  cell  changes  ranging  from  a  leucocytosis  with  or  without  slight  leukemoid 
characteristics,  to  white  cell  proliferation  .simulating  in  exevy  respect  myelocytic 
leukemia.  At  the  same  time  the  platelets  may  become  decreased  or  increased.  Any 
and  all  combinations  of  blood  pictiu'es  may  be  seen  and  when  the  fact  is  recog- 
nized that  exhaustion  of  one  element  can  occur  while  another  begins  or  continues 
to  proliferate  the  wide  variation  of  hematologic  pictures  that  may  de\'elop 
becomes  understandable  (11,  78). 

Anemic  Phase 

Almost  without  exception  patients  diagnosed  as  having  primarj^  polycythemia 
receive  treatment  to  reduce  the  great  numbers  of  red  cells.  This  is  usually  ac- 
complished fairly  successfully.  Regardless  of  therapy  however,  the  disease  re- 
asserts itself  for  many  years  but  ultimately  the  polycythemia  diminishes.  The 
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duration  ol'  time  that,  elapses  hetore  this  stage  is  readied  varies  considerably  I'roni 
patient  to  patient  (5  to  25  years)  (11,  78,  108).  A  period  of  normal  red  cell  values 
may  follow  the  polycythemic  stage  resulting  in  the  so-called  remissions  that  have 
been  I'eported.  This  stage  must  be  considered  the  beginning  of  the  spent  phase 
and  may  last  a  considerable  length  of  time  (11,  78). 

Eventually,  in  all  patients  who  survive  this  phase,  an  anemia  ensues  (11,  78, 
89,  90,  109).  From  this  point  on  the  course  is  one  of  gradually  increasing  anemia 
with  associated  white  cell,  red  cell  and  frequently  platelet  changes  in  the  periph- 
eral blood.  Before  the  anemia  develops  however,  the  patients  are  quite  comfort- 
able when  there  is  no  polycythemia  and  they  no  longer  have  the  symptoms  which 
are  directly  due  to  the  increased  blood  volume.  On  physical  examination  the 
plethora  is  reduced,  but  strangely  enough  the  color  is  often  higher  than  one  would 
suspect  from  the  much  lowered  red  cell  count.  The  spleen  at  this  point  fre(iuently 
enlarges  rapidly  and  is  very  firm  to  palpation.  The  liver  is  enlarged  to  a  moder- 
ate degree  in  most  of  the  patients.  The  white  cells  are  usually  increased  with  a 
granulocytic  leukocytosis  accompanied  by  a  small  percentage  of  immature  forms. 
Thrombocytosis  is  frequent  and  bizarre  and  giant  platelets  may  be  noted. 

As  time  passes  the  anemia  becomes  more  severe  and  patients  who  formerly 
required  therapy  for  reduction  of  the  red  cells  may  now  be  in  need  of  blood 
transfusions.  More  immature  white  cells  appear  and,  on  occasion,  immature 
white  cell  proliferation  may  become  so  accelerated  that  a  blood  picture  indis- 
tinguishable from  that  of  acute  myeloblastic  leukemia  may  be  seen  (11,  16). 
More  often  however,  the  picture  remains  more  leukemoid  than  leukemic,  the 
course  of  the  disease  may  become  protracted,  and  transfusions  may  be  required 
at  moi'e  and  more  frequent  intervals  with  the  development  of  a  hemolytic  com- 
ponent. The  tempo  is  occa.sionally  so  slow  that  the  patient  may  be  quite  well 
clinically  for  many  years  with  only  a  slighty  anemia  and  minimal  leukemoid 
changes. 

During  the  early  "spent"  phase  of  polycythemia  xerti  the  platelets  remain 
normal  or  even  become  increased  to  thrombocythemic  levels,  but  as  this  final 
stage  progresses,  thrombocytopenia  frequently  ensues.  Examination  of  the  blood 
during  this  suppo.sed  normal  period  shows  a  relatively  normal  or  slightly  reduced 
red  cell  concentration  with  a  leukocytosis  and  thrombocytosis.  A  leukoerythro 
blastic  blood  picture  with  a  few  myelocytes  and  normoblasts  is  seen  on  the 
smears  (11,  18,  110).  Characteristics  of  the  increasing  metaplastic  blood  forma- 
tion are  noted  particularly  in  the  red  cells  with  polychromatophilia,  marked 
aniso-  and  poikilo-cytosis,  microcytosis,  elliptical  cells,  "teardrop"  cells  and 
other  bizarre  red  cell  forms.  Reticulocytes  may  be  increased.  The  marrow  still 
may  be  hyperplastic  but  instead  of  showing  a  panmyelosis  there  is  now  minimal 
to  marked  reduction  in  the  erythropoietic  elements  with  an  increase  in  the 
megakaryocytes  and  the  non-hematic  derivatives  of  the  primitive  mesenchymal 
cell  as  well  as  the  fibrillar  and  cytoplasmic  reticulum.  Although  the  erythroid 
foci  appear  to  be  reduced  due  to  encroachment  by  the  other  hypei  plastic  cellular 
elements,  anemia  is  probably  not  explainable  on  this  basis  since  total  red  cell 
erythrogenesis  is  still  as  great  or  greater  than  normal  (110).  Simultaneously  with 
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the  marrow  ('haii»;es,  the  spleen  enlarges  and  becomes  an  active  important  site 
of  extra-ineilullary  blood  formation.  A  splenic  puncture  done  during  this  stage 
will  show  a  picture  similar  to  that  seen  in  the  marrow  with  blood  cell  hyperplasia 
and  reticulum  cell  increase,  the  picture  of  myeloid  metaplasia  (11)  (Fig.  3). 


Polycythemia  vera 


Red  cell  series 
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Megakaryocytes 
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Fig.  3.  Hj-pothetical  concept  of  the  course  of  polycythemia  vera.  The  l)lood,  hone 
marrow  and  extra-os.seous  potential  marrow  considered  "the  hlood  tissue"  reflect  simul- 
taneous changes  occurring  during  the  course  of  polycythemia  vera.  In  polycythemia  vera 
the  hyper])lastic  marrow  expands  to  encompass  the  total  marrow  space  at  the  expense  of  the 
fat  cells.  There  is  a  panmyelosis  with  stimulation  of  all  hematic  and  non-hematic  cellular 
derivatives  of  the  reticulum  cell.  Blood  examination  reveals  an  erythrocytosis  and  usually 
a  granulocytic  leukocytosis,  thromtiocytosis  and  immature  red  and  white  cells.  Sple- 
nomegaly and  hepatomegaly  is  frequently  present,  initially  due  to  the  increase  in  hlood 
volume  hut  subseciuently  associated  with  reticulum  cell  hyperplasia  and  heteroplastic 
blood  formation.  With  continued  hyperactivitx  the  dormant  extra-osseous  potential  mar- 
row becomes  ftuictionally  active  and  the  site  of  ext ramedullary  hematopoiesis  (stage  of 
myeloid  metaplasia)  as  the  spleen  and  liver  enlarge  (outer  circle  designates  extramedullarv 
blood  formation).  The  bone  marrow  shows  diminution  in  erythrogenesis  and  iiroliferation 
of  reticulum  cells,  fibroblasts,  meg'akar\ocvtes  and  white  cells.  The  peripheral  blood 
mirrors  the  marrow  changes  and  usuall\-  a  mild  to  moderate  anemia  although  normal  values 
(compensated  state)  may  |)ievail  for  many  years.  Thrombocytosis  is  common  as  is  a  leuko- 
erythrol)lastic  blood  picture.  With  time.  i)rogressive  changes  in  cellular  composition  of  the 
marrow  occur  (stages  of  early  spent  ]>()!>  cythemia ) .  Fibroblastic  or  osteoblastic  prolifera- 
tion encroaches  on  hematic  cell  activitx-  with  a  reduction  particularly  in  erythropoiesis. 
Megakaryocytes  appear  more  plentiful  due  either  to  increased  jiroliferative  activity  or  a 
(luaiititative  decrease  in  other  hematic  cells.  The  liver  and  spleen,  the  site  of  extra-medul- 
lary hematopoiesis,  are  not  encased  in  bone,  hence  can  expand  markedly.  There  is  anemia, 
leukocytosis  and  thrombocytopenia  or  thrombocytosis,  leuko-erythrolilastic  anemia  with 
moriihologicallv  bizarre  red  cells.  Further  fibroblastic  or  osteoblastic  proliferation  may 
obliterate  the  marrow  cavit\-  with  all  blood  formation  occurring  in  the  extra-osseous  mar- 
row (stage  of  myelofibrosis).  Note  that  non-hematic  cell  proliferation  occiu-s  in  the  liver 
and  spleen  also.  The  anemia  becomes  more  severe  with  usually  a  leukojienia,  throml)openia 
and  a  more  marked  leuko-erythroblastic  lilood  jiicture.  Hepatosplenomegaly  may  be  tre- 
mendous. This  ])hase  of  myelofibrosis  (myeloid  inetaiilasia )  may  be  a  terminal  picture  in 
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The  chaiif^c's  in  the  marrow  and  spleen  proceed  unchecked  uilh  increased 
proliferation  of  fibroblasts  and  osteoblasts  and  continuing  encroachment  upon 
the  hematic  cells.  Although  hematic  cell  activity  is  diminished  to  varying  degrees 
nevei'theless  the  mari'ow  I'emains  the  site  of  extreme  proliferative  a(;tivity.  It  is 
only  that  a  sliift  in  the  direction  and  intensity  of  the  stimulus  now  is  apparent 
with  increasing  acti\-ity  directed  toward  the  hematic  cells  other  than  the  red 
cell  precursors  as  well  as  toward  the  reticulum  and  its  non-hematic  mesenchymal 
derivatives,  the  fibroblasts  and  osteoblasts.  Red  cell  activity  is  gradually  re- 
located to  extrameduUary  sites  and  anemia  may  become  prominent.  This  is  due 
to  the  abnormal  forms  produced  which  have  been  shown  to  have  a  shortened 
survival  (11,  111,  112).  However,  if  the  rate  of  red  cell  formation  is  increased  to  a 
sufficient  degree,  anemia  may  be  mild  or  even  absent  and  a  compensated  myelo- 
fibrotic state  lasting  for  months  or  years  may  follow.  Eventually  the  marrow 
cavity  becomes  almost  completely  fibrotic  or  sclerotic  with  perhaps  a  few 
megakaryocytes,  reticulum  cells  and  white  cells  remaining.  Marrow  aspiration 
now  produces  a  "dry  tap"  and  the  peripheral  blood  shows  a  pancytopenia.  If 
however  white  cell  hyperactivity  predominates  in  the  marrow  or  extrameduUary 
sources,  a  terminal  picture  of  myeloid  leukemia  follows.  Megakaryocytic  hyper- 
plasia may  also  be  seen  producing  the  condition  of  megakaryocytic  leukemia  or 
myelosis;  in  others  all  elements,  megakaryocytic,  myelocytic,  fibroblastic  and 
osteoblastic,  may  all  be  stimulated  to  produce  diverse  clinical  and  pathological 
pictures  (Fig.  3). 

COMPLICATIONS 

Vascular 

The  complications  that  occur  during  the  course  of  polycythemia  vera  (Fig.  4) 
are  in  most  instances  related  to  the  hypervolemia.  The  increased  red  cell  mass, 
circulating  in  a  relatively  reduced  plasma  volume,  results  in  a  thick  viscid  fluid 
that  courses  slowly  through  dilated  and  distended  capillaries;  as  a  conseciuence, 
vascular  thromboses  are  of  frequent  occurrence  (11,  78,  113,  114).  This  tendency 
to  thrombus  formation  is  greatly  enhanced  by  the  fact  that  in  the  majority 
of  patients  excessive  numbers  of  platelets  are  present  (11,  78,  115-119).  Large, 


polycythemia  vera.  Other  lines  of  proliferation  may  gain  ascendency  e.g.,  the  white  cells, 
with  development  of  an  acute  leukemia  occasionally  preceded  by  a  stage  similar  to  chronic 
myelocytic  leukemia  ;  megakaryocyte  hypera<  i  >•  may  residt  in  so-called  megakaryocytic 
myelosis,  etc. 

.\cute  leukemia,  spent  polycythemia  and  myelofibrosis  are  all  depicted  as  stemming 
from  a  common  stage  of  myeloid  metaplasia.  Variation  in  proliferative  activity  of  any 
combination  of  cellular  categories  may  produce  com])le\  clinical  and  ])athological  syn- 
dromes. Thus,  well  developed  myelofibrosis  may  frequent  1\  show  large  luimbers  of  myelo- 
blasts and  myelocytes  in  the  blood  and,  similarly,  a  terminal  acute  blast ic  IfMikemia  may 
show  extensive  fibroblastic  proliferation.  (The  areas  represented  for  any  specific  cellular 
series  is  onl\'  apjiroximate  and  merel\'  represents  an  attempt  to  ilemonst  latc  graphically  a 
few  of  the  nuiltiple  develoi)mental  potentialities  in  polycythemia  vera).  (Uepriiited  with 
permission  of  the  publisher  from  Wasserman,  L.H.,  Polycythemia  Vera — Its  Course  and 
Treatment:  Relation  to  Mveloid  Metaplasia  and  Leukemia.  Bull.  X.  Y.  Acad.  Med.,  3: 
843,  19.54). 
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INCIDENCE  OF  COMPLICATIONS  IN  270  CASES 
OF  POLYCYTHEMIA  VERA 
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Fig.  4.  Incidence  of  complications  in  270  cases  of  polycythemia  vera.  The  data  of  only 
150  cases  were  utilizetl  for  determining  the  percent  incidence  of  acute  leukemia  and  myeloid 
metaplasia.  These  latter  should  not  be  classified  as  complications  since  they  are  stages  in 
the  course  of  polycythemia  vera.  (Reprinted  with  permission  of  the  publisher  from  Wasser- 
man,  L.R.,  Polvcvthemia  Vera — Its  Course  and  Treatment ;  Relation  to  Alyeloid  Metaplasia 
and  Leukemia."  Bull.  N.  Y.  Acad.  Med.,  3:  343,  1954). 


small  or  intermediate  veins,  arteries  or  capillaries  in  any  organ  or  tissue  in  the 
body  may  be  effected,  with  resultant  cardiac,  neurological,  cerebrovascular, 
gastrointestinal,  renal,  peripheral  vascular  (120)  or  any  other  system,  disease. 

Hemorrhage  similarly  results  from  long  standing  venous  and  capillary  en- 
gorgement due  to  the  hypervolemia.  It  may  be  slight  or  serious,  and  like  throm- 
boses, involve  any  tissue  or  organ  in  the  body.  Stroebel  et  al  (121,  122)  reported 
an  incidence  of  hemorrhage  and  thrombosis  in  31.1  per  cent  of  their  cases  of 
erythremia  and  in  an  extensive  series  reported  by  Wasserman  (11),  vascular 
accidents  occurred  in  42  per  cent  of  cases,  with  26  per  cent  thrombosis  and  16 
per  cent  hemorrhage.  Hemorrhages  of  a  minor  nature  such  as  easy  bruisability 
and  bleeding  from  the  nose  or  gums  of  a  mild  degree  were  not  included  in  de- 
riving the  abo\  e  statistics.  The  seriousness  of  these  vascular  complications  is 
emphasized  by  the  fact  that  in  this  group  (11),  56  per  cent  of  the  patients  suc- 
cumbed as  the  result  of  hemorrhage  or  thrombosis.  These  vascular  complications, 
frecjuent  in  untreated  erythremia,  are  readily  controllable  by  adecjuate  thera- 
peutic measures,  such  as  reduction  in  hypervolemia  and  maintenance  of  the 
blood  at  normal  or  near  normal  levels.  In  a  group  of  128  ca.ses  treated  with 
radioacti\'e  phosphorus  and  triethyline  melamine  (11),  prior  to  therapy,  there 
was  an  incidence  of  24  per  cent  thromboses  and  10  per  cent  hemorrhages;  subse- 
quent to  myelosuppre.s.sive  measures  only  5.5  per  cent  and  2.2  per  cent  developed 
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t lii-()inl)()S('s  antl  licinorrhages,  respectively.  Tliose  patients  dcxclopiiif^  Ihroin- 
hoses,  despite  therapy,  rarely  demonstrated  a  satisfactory  therapeutic  response. 

This  homorrhasic  and  thrombotic  tendency  must  be  considered  when  surf^eryis 
contemplated  during  the  polycythemic  phase  of  the  di.sease.  In  a  series  ivported 
by  Wasserman  and  Kirschner  (123)  of  26  cases  undergoing  surgery,  50  per  cent 
had  severe  thi-ombotic  and  hemorrhagic  complications.  Five  (20  per  cent)  of 
the  patients  died;  four  as  the  result  of  bleeding  and  one  of  shock,  two  had  pulmo- 
nary embolism  but  recovered.  More  striking  however,  were  the  results  demon- 
strating the  beneficial  effects  of  long  standing  successful  preoperati^'e  therapy  on 
postoperative  complications.  Of  13  cases  successfully  controlled,  postoperative 
complications  occurred  in  only  two  as  compared  with  the  1 1  instances  of  hemor- 
rhage and  thromboses  and  even  death  in  those  cases  therapeutically  uncontrolled. 
It  is  ob\'ious  that  hemorrhage  and  thromboses  constitute  a  threat  to  the  lives 
of  the  patients  with  this  disease  at  all  times,  but  in  those  undergoing  surgery, 
bleeding  particularly,  becomes  a  hazard  so  ominous  that  elective  surgery  should 
never  be  contemplated  until  such  time  as  the  blood  volume  has  been  returned 
to,  and  maintained  at,  normal  levels  for  as  long  a  time  as  possible.  Even  then 
bleeding  may  pose  a  serious  problem  as  a  result  of  the  loss  of  capillary  elasticity 
from  long  standing  vasodilatation.  If  surgery  is  deemed  imperative  and  urgent 
preoperative  venesections  should  be  performed  in  an  attempt  to  minimize  the 
risk. 

The  problem  of  hemorrhage  in  polycythemia  vera  (11)  as  well  as  in  erythro- 
cytosis  secondary  to  congenital  heart  disease  has  been  extensively  investigated 
(6).  As  far  as  can  be  determined  by  present  techniques  no  abnormalities  in  plasma 
factors  are  detectable  (124,  125).  The  clotting  defect  is  apparently  a  complex 
one  involving  the  formation  of  a  small  well  contracted  fibrin  clot,  which  is  func- 
tionally inadequate  to  cope  with  the  mass  of  red  cells  which  remain  untrapped 
by  the  fibrin  meshes.  This  relative  deficiency  of  fibrin  cannot  be  corrected  by 
injection  of  fibrinogen,  antihemophilic  globulin  or  any  other  plasma  factor  (124). 
Additional  factors  provoking  hemorrhage  in  polycythemia  are  contributed  by 
thrombocytopenia  in  congenital  heart  tissue  (6)  and,  paradoxically,  thrombocy- 
themia  in  erythremia  as  shown  by  Spaet  (126);  long  standing  capillary  dilatation 
and  loss  of  vessel  wall  elasticity  contribute  to  this  complex  hemostatic  defect 
(127-129). 

Hepatic 

Enlargement  of  the  liver  in  polycythemia  occurs  in  approximately  50  per  cent 
of  cases  (11,  16,  78).  The  degree  of  enlargement  in  the  early  phase  of  the  disease 
is  usually  slight  or  moderate  and  is  due  to  the  marked  congestion  secondary 
to  the  hypervolemia.  Although  hepatomegaly  increases  in  general  with  the 
progress  of  the  disease  numerous  exceptions  to  this  occur  with  absence  or  minimal 
enlargement  in  some  cases.  The  size  of  the  spleen  similarly  shows  great  variability 
particularly  following  myelosuppressive  therapy. 

Sudden  marked  enlargement  of  the  liver  as  reported  by  Sohval  (98)  indicates 
the  occurrence  of  a  serious  complication,  as  seen  in  phenylhydrazine  jaundice, 
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myeloid  metaplasia,  myocardial  decompensation,  cirrhosis  of  the  liver  or  throm- 
boses of  the  splenic,  portal  or  hepatic  veins  (98).  Cirrhosis  is  an  unusual  com- 
plication occurring  in  only  two  cases  of  a  large  series  (11).  The  association  of 
cirrhosis  and  polycj'themia  vera,  (IMosse  Syndrome  (130))  is  probably  co- 
incidental. Earlier  reports  have  failed  to  emphasize  the  relationship  of  the  cir- 
rhosis to  phenylhj'drazine,  hemolysis  and  jaundice  seen  with  such  treatment. 

Polycythemia  has  also  been  observed  to  be  associated  with  multiple  myeloma 
(131),  lymphatic  leukemia  (132),  Hodgkin's  disease  (11),  hypernephroma  (133, 
134),  and  other  renal  tumors  (135),  uterine  fibroids  (136-138),  and  brain  tumors 
(58-62).  The  association  of  the  former  three  diseases  with  polycythemia  vera 
lends  support  to  the  unitarian  concept  of  the  reticuloses.  A  relationship  may  be 
presumed  to  exist  between  the  poh^cythemia  and  .some  tumors  since  removal  of 
the  tumors  resulted  in  disappearance  of  the  polycythemia  (58,  59,  135,  137,  138). 
In  other  cases,  where  polycythemia  is  of  the  true  type,  the  relationship  is  prob- 
ably only  coincidental. 

Ascites  in  poh'cythemia,  although  infrequent,  is  due  to  portal  vein  hyper- 
tension resulting  from  portal  vein  or  splenic  vein  thrombosis  or  cirrhosis  of  the 
liver  (98).  Portal  vein  thrombosis  occurring  without  an  associated  ascites  is 
attributable  to  good  collateral  circulation  or  recanalization  of  the  vessels.  In 
one  case  advanced  myeloid  metaplasia  of  the  liver  found  at  post  mortem  exami- 
nation was  presumed  to  have  cau.sed  ascites  since  no  other  ascertainable  factor 
could  be  respon.sible  (139). 

Segmental  thromboses  of  the  splenic  vein  may  give  ri.se  to  varices  of  the  lower 
esophagus  or  the  fundus  of  the  stomach  (99).  This  has  been  noted  in  idiopathic 
myeloid  metaplasia  as  w^ell  as  in  polycythemia  both  in  the  erythrocji:ic  as  w-ell 
as  in  the  spent  phase.  When  bleeding  from  these  dilated  vessels  becomes  marked 
and  difficult  to  control,  surgery  is  indicated.  Whereas  splenectomy  appears  to  be 
cureable  in  the  idiopathic  variety,  local  repair  of  the  varices  is  indicated  in  poly- 
cythemia (99). 

Duodenal  Ulcer 

Peptic  ulcer  -was  noted  in  8.6  per  cent  of  the  series  reported  by  Wasserman 
(11),  and  a  similar  incidence  by  others  (16,  78).  This  is  about  four  times  the  ex- 
pected frequency  of  ulcer  in  the  general  population.  Even  without  a  demonstrable 
ulcer  the  occurrence  of  gastric  symptoms  is  high.  Lawrence  noted  complaints  of 
this  type  in  26  per  cent  of  his  series,  and  48  per  cent  of  these  ca.ses  had  ulcers 
(16).  The  most  common  complaints  were  flatulence,  pyrosis,  thick  coated  tongue 
and  hyperacidity,  often  thought  to  be  related  to  the  high  incidence  of  ulcer. 
The  cause  of  the  high  incidence  of  gastric  ulcer  is  obscure;  thrombosis  of  the 
small  mesenteric  vessels  as  well  as  impaired  circulation  due  to  capillary  dilatation 
and  hyperacidity  probably  account  for  this  increased  incidence  of  ulcer.  What- 
ever the  etiolog}^  these  ulcers  at  operation  and  at  autopsy  appear  in  no  way 
different  from  those  seen  in  non-polycythemic  individuals  and  thej'  should  be 
treated  in  the  same  fashion.  Bleeding  from  the  ulcer  site  is  not  uncommon  and 
death  from  exanguination  may  occur.  Surgical  intervention  should  be  avoided 
but  may  have  to  be  considered  despite  the  risk,  if  bleeding  is  uncontrollable. 
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Uricemia 

Tiic  paiiiuyelosis  which  gwes  rise  to  the  erythroeytosis,  throinhoctytosis  and 
leukocytosis  rcsuhs  in  an  hyperuricemia  in  about  a  third  of  the  cases  (11,  122, 
140-144).  In  a  series  of  cases  reported  by  Wassernian  (11),  33  per  cent  (12  per 
cent  females  and  31  per  cent  males)  had  an  elevation  of  the  uric  acid,  results 
similar  to  the  27  per  cent  noted  by  Stroebel  (122).  Despite  the  uricemia  however, 
only  1.9  per  cent  (five  cases)  had  clinical  s<>ut  and  only  0.8  per  cent  (two  cases) 
had  renal  calculi.  The  incidence  of  gout  has  been  reported  as  highei-  in  other 
series  (141,  144),  ranging  from  4.7  to  10  per  cent,  but  this  may  be  due  to  the 
inclusion  of  cases  of  "spent"  polycythemia  where  there  seems  to  be  an  increased 
incidence  of  gout  (145).  The  hyperui'icemia  results  in  an  increased  incidence  of 
uric  acid  crystals  in  the  urine  with,  however,  only  about  1  per  cent  of  the  cases 
developing  renal  calculi  (11). 

Although  the  hyperuricemia  is  due  to  the  tremendous  cellular  catabolic  ac- 
tivity with  degradation  of  nucleoproteins  to  purines  and  uric  acid,  there  is  no 
apparent  correlation  with  the  red  and  white  cell  levels.  Patients  with  the  highest 
red  and  white  cell  counts  frequently  show  normal  uric  acid  values.  Following 
myelosuppressive  therapy,  a  definite  reduction  in  the  serum  uric  acid  and  urinary 
excretion  of  uric  acid  occurs  as  contrasted  with  the  unchangeable  pattern  follow- 
ing venesection  or  the  use  of  hemolytic  agents.  In  a  severe  case  of  secondary 
polycythemia,  Yii  et  al  (146)  using  N'"  labelled  glycine  found  a  direct  relation- 
ship between  uric  acid  excretion  and  the  erythro-normo-blastic  nucleoprotein 
synthesized  and  destroyed  in  the  erythrocythemic  reaction;  similar  results  were 
obtained  by  Gutman  et  al  in  primary  polycythemia  (140). 

It  is  difficult  to  explain  the  fact  that  uricemia  is  most  marked  in  the  "spent" 
anemic  phase  of  the  disease,  particularly  in  those  cases  where  most  of  the  marrow 
is  fibrotic  and  osteosclerotic.  It  would  appear  that  the  fibroblastic  proliferation 
in  the  marrow  and  the  turnover  of  cells  in  the  extrameduUary  centers  is  in  excess 
of  the  cellular  activity  that  occurs  early  in  the  disease. 

DIAfiNOSIS 

The  diagnosis  of  polycythemia  vera  in  the  fully  developed  early  phase  of  the 
disease  is  usually  made  with  little  difficulty  (147,  148).  The  symptoms  combined 
with  the  ruddy  cyanosis  and  enlarged  spleen  suggest  the  correct  diagnosis  which 
is  confirmed  by  hematological  examination.  Where  the  symptoms  are  not  strik- 
ing however,  the  spleen  not  palpable,  and  the  erythrocytosis  not  marked,  the 
diagnosis  may  become  a  problem.  In  .such  instances  the  differential  diagnosis 
must  include,  in  addition  to  polycythemia  vera,  all  those  conditions  which  give 
rise  to  an  erythrocytosis.  From  the  clinical  standpoint,  the  polycythemia  result- 
ing from  anoxic  states,  secondary  to  cardiac  or  pulmonary  pathology,  is  the  most 
frecjuently  encountered.  The  degree  of  erythrocytosis  in  these  conditions,  as 
already  noted,  may  be  as  severe  as  that  seen  in  polycythemia  vera.  Blood  volume 
studies  serve  no  useful  purpose  in  differentiating  one  type  from  the  other  since 
in  both  conditions  the  red  cell  mass  is  absolutely  increased  above  the  normal 
(105,  149).  The  plasma  volume  although  usually  normal  may  be  depleted  in  both 
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types  as  the  result  of  huineostatic  mechanisms  attempting  to  keep  the  total  blood 
volume  as  near  normal  as  possible.  Blood  volume  is  onlj^  helpful  in  excluding 
relative  or  stress  polycythemia  as  a  possible  diagnosis  (16).  The  overall  blood 
picture  in  both  the  primary  and  secondary  types  under  discussion  may  also  be 
remarkedly  similar,  although  in  polycythemia  vera  the  white  cells  and  platelets 
are  usually  elevated  and  immature  white  cell  and  red  cell  forms  are  present;  how- 
ever these  changes  may  be  absent  early  in  the  disease. 

The  bone  marrow  in  erythremia  as  well  as  in  anoxic  erythrocytosis  reveals  a 
hyperplastic  grossly  red  marrow  with  varying  degrees  of  replacement  of  the 
yellow  fatty  marrow  of  the  shafts  of  the  long  bones  by  active  hematopoiesis.  In 
secondary  polycythemia  the  hyperplasia  is  primarily  due  to  an  increase  in  early 
red  cell  precursors  whereas  in  polycythemia  vera  there  is  a  panmyelosis.  How- 
ever from  the  diagnostic  standpoint  the  aspirated  marrow  in  polycythemia  vera 
is  frequently  hypoccUular  due  to  an  admixture  with  peripheral  blood  from  rup- 
tured distended  capillaries  and  neither  ciualitative  or  cjuantitative  changes  are 
apparent  (12-14).  Block  and  Bethard  (15)  and  Lawrence  (16)  and  Lawrence  et  al 
(150)  found  marrow  biopsies  to  be  of  diagnostic  significance  in  distinguishing 
secondary  erythrocytosis  from  polycythemia  vera  by  the  replacement  of  normal 
fat  tissues  with  increased  megakaryocytes  and  myeloid  and  erythroid  hyperac- 
tivity. Others  however  have  reported  noting  no  essential  difTerences  between 
polycythemia  vera  or  secondary  polycythemia.  It  would  appear  that  the  results 
of  bone  marrow  aspiration  are  of  very  little  value  as  a  differential  diagnostic  aid 
but  that  marrow  biopsy  may  be  useful  (11,  15,  16). 

A  good  history  and  physical  examination  are  usually  sufficient  to  establish 
the  correct  diagnosis  where  cardiac  or  pulmonary  pathology  are  responsible  for 
the  anoxic  polycythemia;  determination  of  the  arterial  oxygen  saturation  will 
confirm  the  diagnosis.  Hypertrophic  pulmonary  osteoarthropathy,  fairly  common 
in  cardiac  and  pulmonary  polycythemia,  is  very  rare  in  polycythemia  vera  oc- 
curring in  only  one  instance  in  a  series  of  over  400  cases  (139). 

All  patients  with  suspected  polycythemia  vera  should  have  an  x-ray  examina- 
tion of  the  chest  and  heart  as  well  as  an  electrocardiogram  to  rule  out  any  cardiac 
or  pulmonary  abnormality  as  the  cause  of  the  erythrocytosis,  particularly  when 
an  arterial  oxygen  saturation  test  cannot  be  done. 

The  arterial  oxygen  saturation  is  probably  the  only  test  capable  of  differenti- 
ating between  primary  and  secondary  polycythemia.  As  mentioned  previously 
there  is  some  evidence  for  a  slight  oxygen  unsaturation  in  polycythemia  vera; 
the  deviation  from  the  normal  is  so  slight,  (8,  10,  11,  151,  152)  however,  that 
the  results  are  nevertheless  diagnostic.  It  follows  that  a  low  oxygen  saturation 
excludes  the  diagnosis  of  polycythemia  vera. 

Occasional  cases  of  mild  erythrocytosis  of  a  transient  nature  may  be  due  to 
the  presence  of  abnormal  hemoglobin  pigments  that  are  non-functioning  as  far 
as  oxygen  carrying  capacity  is  concerned.  Methemoglobinemia,  sulfhemoglobin- 
emia  and  carbon  monoxide  hemoglobinemia,  if  of  sufficient  degree  to  produce 
a  relative  anoxemia,  may  result  in  an  erythrocytosis.  In  these  cases  however,  the 
marrow  panmyelosis  as  found  in  erythremia  with  changes  in  the  peripheral  blood 
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are  absent,  and  the  arterial  oxygen  capacity  is  low.  These  abnormal  pigments 
may  be  demonstrated  by  spectroscopy  quite  readily. 

Relative  erythrocytosis  secondary  to  fluid  loss  or  fluid  shift  I'arely  is  mistaken 
for  polycythemia  vera.  Tlu;  increase  in  red  cells  is  usually  moderate  with  the 
packed  red  cell  volume  between  50  to  60  per  cent  and  the  sequence  of  clinical 
events  is  fairly  obvious.  In  this  type  of  "stress"  erythrocytosis  the  blood  volume 
examination  is  the  sole  means  of  determining  the  factitious  erythrocytosis. 

Polycythemia  has  been  reported  in  association  with  hypernephromas  (133), 
brain  tumors  (58-62),  and  uterine  fibroids  (136-138).  Studies  on  these  cases  have 
not  always  been  adeciuate  and  it  is  not  clear  whether  the  erythrocytosis  is  a 
relative  or  absolute  one  and  whether  anoxic  or  not  anoxic.  Cases  of  these  types 
are  not  common  but  may  offer  serious  diagnostic  difficulties. 

Problems  in  diagnosis  not  primarily  of  a  hematological  nature  are  usually  en- 
countered when  patients  have  been  asymptomatic  and  present  themselves  for 
the  first  time  because  of  one  of  the  complications  of  the  disease.  These  are  pri- 
marily vascular  in  nature  and  syndromes  resembling  di.seases  of  the  neurological, 
cardiovascular  and  gastrointestinal  systems  may  be  closely  simulated.  If  severe 
bleeding  occurs  as  the  initial  sign  of  the  disease,  the  blood  picture  may  be  .so 
altered  that  the  true  diagnosis  may  be  delayed. 

Cerebrovascular  hemorrhage  or  thrombosis  have  been  particularly  noteworthy 
in  creating  .serious  diagnostic  difficulties.  The  early  signs  and  symptoms  may 
suggest  a  brain  tumor  and  craniotomy  advised.  Conversely,  in  a  case  reported 
by  Oppenheimer  (62),  post  mortem  examination  revealed  a  brain  tumor,  al- 
though the  polycythemic  patient  had  been  suspected  of  having  a  cerebrovascular 
accident. 

Complications  associated  with  hyperuricemia,  such  as  gout  or  uric  acid  calculi 
in  the  kidney,  may  be  the  first  symptoms  to  attract  attention,  or  duodenal  ulcer 
with  its  concomitant  symptoms  may  be  the  first  sign  of  the  disease.  Since  duode- 
nal ulcers  in  non-polycythemics  are  frecjuently  associated  with  erythrocytosis  of 
a  moderate  degree,  it  can  readily  be  understood  how  the  diagnosis  might  be 
overlooked.  Polycythemia  vera  of  a  severe  degree  has  been  noted  after  subtotal 
gastrectomy  for  bleeding  peptic  ulcer  (139). 

Liver  complications  may  attract  attention  to  the  disease  as  in  the  case  re- 
ported by  Sohval  (98).  Such  complications  are  usually  vascular  in  nature  with 
only  rare  parenchymal  involvement  of  the  liver  except  in  the  later  stages  of  the 
disease  when  metapla.stic  myeloid  foci  may  become  prominent. 

The  myelofibrosis  and  osteosclerosis  that  develop  in  cases  of  polycythemia 
vera,  seem  in  all  respects  identical  with  that  in  other  non-polycythemia  patients 
with  the  myeloproliferative  syndrome.  In  polycythemia  vera  during  the  cellular 
proliferative  phase,  there  is  rarely  bone  pain,  nor  are  x-ray  changes  noted.  The 
fibrotic  changes  that  ultimately  develop  may  be  minimal  and  restricted  to  the 
marrow  cavity  or  they  may  invade  the  endosteum,  the  cortex  and  even  the 
periosteum.  At  this  time  bone  pain  may  occur  l)ut  pathological  fractures  are  rare. 
X-ray  examination  of  the  bones  may  be  negative  or  reveal  minimal  changes 
even  though  the  marrow  biopsy  .shows  extensive  fibrosis  or  sclerosis. 
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111  most  cases  there  are  mottled  areas  of  rarefaction  or  irregular  condensations 
in  the  cortical  portions  of  the  bones  and  splintering  or  elevation  of  the  peri- 
osteum. Myelofibrosis  and  osteosclerosis  may  occur  in  a  variety  of  other  condi- 
tions and  in  carcinoma  with  bone  metastases  the  x-ray  findings  may  appear 
identical.  Usually  in  these  patients  the  spleen  is  not  enlarged  or  the  enlargement 
is  minimal  in  contrast  to  the  marked  splenomegaly  seen  in  the  myeloproliferative 
syndrome.  Leukoerythroblastic  anemia  may  occur  in  either  myelofibrosis  or  me- 
tastatic carcinomatosis  although  the  degree  of  immaturity  of  the  cells  is  greater 
in  the  former  condition.  It  might  be  mentioned  however,  that  on  rare  occasions, 
splenic  enlargement  may  be  absent  in  spent  polycythemia  with  myelofibrosis  as 
well  as  in  the  primary  idiopathic  type.  The  serum  alkaline  phosphatase  determi- 
nation may  be  helpful  in  such  cases  with  normal  values  usually  found  in  spent 
polycythemia  in  contrast  to  the  elevated  levels  found  in  some  cases  of  carcinoma 
with  bone  metastases.  In  instances  where  the  disease  is  asymptomatic  and  no 
complications  occur,  the  disease  may  only  be  discovered  accidently  during  the 
course  of  a  routine  examination.  It  is  conceivable  that  some  patients  may  reach 
the  anemic  phase  of  the  disease  without  ever  being  recognized  as  polycythemia 
vera.  Patients  presenting  themselves  for  the  first  time  with  idiopathic  myeloid 
metaplasia  of  the  spleen  with  or  without  myelofibrosis,  may,  in  some  instances, 
have  had  long  periods  of  asymptomatic  polycythemia.  Actually  anerythroid 
cases  of  myeloid  metaplasia  are  only  examples  of  the  myeloproliferative  syn- 
drome in  which  the  stimulus  has  not  been  directed  to  the  erythroid  series.  Cases 
have  been  observed  where  the  polycythemia  has  developed  only  after  long 
periods  of  increased  megakaryocytic,  leucoblastic  and  fibroblastic  activity 
(153,  154). 

ETIOLOGY  AND  PATHOGENESIS 

Polycythemia  may  occur  because  of  increased  production  of  red  cells  due  to 
various  causes,  decreased  erythrocyte  destruction  or  a  combination  of  both.  The 
presence  of  early  red  cells  and  polychromatophilia  in  the  peripheral  blood  to- 
gether with  an  erythroblastic  hyperplasia  in  the  bone  marrow  is  strong  evidence 
favoring  increased  erythrogenesis  as  the  cause  of  the  erythrocytosis  in  polycy- 
themia vera.  More  definitive  evidence  for  increased  red  cell  production  has  been 
obtained  by  the  use  of  radioactive  iron  (4,  155)  and  isotopically  labelled  glycine 
(139,  146,  156,  157).  The  plasma  serves  as  the  transport  pool  for  iron  released 
from  the  cells,  such  iron  being  carried  as  a  complex  with  the  beta-l-globulin 
component  of  the  protein  (158-164).  Iron  is  distributed  to  the  bone  marrow  for 
red  cell  formation  or  to  the  various  organs  such  as  the  liver  and  spleen  for  depo- 
sition as  storage  iron  (155,  165-167).  Changes  in  the  rate  of  red  cell  formation 
or  destruction  should  be  reflected  in  the  turnover  of  iron  in  the  plasma  pool  and 
in  the  red  cells  (4,  155).  These  rates  can  be  readily  measured  with  intravenously 
injected  radioactive  Fe'^  which  will  mirror  the  changes  in  the  stable  iron  meta- 
bolic cycle  (4,  155).  In  the  presence  of  normal  iron  stores  and  normal  degradation 
of  hemoglobin,  as  occurs  in  early  polycythemia  vera,  the  half-time  of  disappear- 
ance of  intravenously  injected  radioactive  iron,  i.e.,  the  time  for  half  of  the 
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injected  radioactivity  to  Iciuc  the  plasma,  has  he(>n  tound  to  Ix'  a  function  of 
erythropoiesis  (155).  In  normal  individuals  the  half-time  of  clearance  of  this  iron 
ranges  from  70  to  120  minutes  with  an  a\'erage  of  90  minutes.  I'hcjse  diseases 
associated  with  an  empty  marrow  as  in  aplastic  anemia  show  a  prolongation  of 
the  half-time  to  ovei-  200  minutes,  whereas  increased  erytln-opoietic  activity  in 
the  marrow  is  always  associated  with  an  accelerated  rate  of  iron  clearan('e.  In 
polycythemia  vera  the  half-time  of  iron  clearance  ranges  from  10  to  60  minutes 
signifying  increased  erythroblastic^  activity  in  the  marrow  (155). 

Another  factor  to  be  considered  in  judging  erythropoiesis  is  the  utilization  of 
this  injected  iron.  Assuming  a  steady  state,  the  uptake  of  iron  by  the  erythro- 
poietic tissue  in  polycythemia  vera  is  usually  maximal,  over  90  per  cent  utiliza- 
tion in  about  ten  days.  From  the  values  obtained  for  the  total  plasma  iron  and 
the  maximum  red  cell  incorporation  of  the  radioiron,  the  plasma  and  red  cell 
iron  turnover  rates  can  be  determined  (4).  The  normal  plasma  iron  turnover  is 
about  27  mg.  per  day  or  0.35  mg./kg./day  and  for  the  red  cell  turnover  20  mg./ 
day  or  0.26  mg./kg./day.  In  untreated  polycythemia  vera  the  plasma  iron  turn- 
over values  range  from  0.36  to  1.1  mg./day  (4,  167).  These  increased  turnover 
rates  are  indicative  of  marrow  hyperactivity  and  have  been  found  helpful  in  the 
diagnosis  of  those  borderline  cases  of  erythremia  manifested  by  only  moderate 
increa.ses  in  the  total  red  cell  volume  (4,  150). 

Another  theory  postulated  to  explain  the  mechanism  of  erythrocytosis  in 
polycythemia  vera  is  decreased  red  cell  destruction  or,  synonymously,  an  in- 
creased life  span  of  the  red  cell.  A  method  for  measuring  the  survival  of  red 
blood  cells  utilizing  N^^  tagged  glycine  has  been  described  by  Shemin  and 
Rittenberg  (168)  and  London  et  al  (157).  In  the  normal,  a  value  of  120  days  was 
obtained  confirming  the  results  obtained  using  the  differential  agglutination 
technique  of  Ashby  (169).  In  polycythemia  vera  an  average  life  span  similar  to 
the  normal  was  found  by  London  (157)  and  Wasserman  et  al  (139)  agreeing 
favorably  with  the  results  obtained  by  other  methods  (142,  170).  It  appears, 
therefore,  that  the  erythrocytosis  of  polycythemia  vera  is  due  not  to  the  produc- 
tion of  red  cells  of  increased  longevity  but  rather  to  a  two  to  three  fold  increase 
in  the  production  of  normal  red  cells  and  hemoglobin  by  the  hyperplastic  bone 
marrow. 

Since  the  values  for  hemoglobin  renewal  as  determined  by  iron  turnover 
studies  in  polycythemia  vera  as  well  as  in  erythrocytosis  secondary  to  anoxemia 
of  varied  cause  have  been  far  in  excess  of  the  normal  of  about  one  per  cent  per 
day  (171)  a  shortened  life  span  of  the  red  cell  was  postulated  as  the  basis  for  the 
erythrocytosis.  Berlin  et  al  (156)  using  C^*  labelled  glycine  to  measure  red  cell 
survival  in  polycythemia  vera,  were  able  to  demonstrate  deviations  in  the  initial 
part  of  the  glycine  curve.  From  this  observation  it  was  suggested  that  an  admix- 
ture of  at  least  two  red  cell  populations  was  produced  in  polycythemia  vera,  one 
short-lived  and  one  of  normal  life  span.  This  could  explain  the  increase  in  the 
hemoglobin  renewal  rate  in  erythrocytosis  and  erythremia  obtained  with  radio- 
iron.  However,  further  studies  by  London  (157)  and  Wasserman  et  al  (139)  have 
not  been  able  to  detect  this  short-lived  component  (156)  and  in  a  case  of  sec- 
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oudary  polycythemia  studied  by  Yii  and  associates  (146)  only  one  normal  cell 
population  was  demonstrated. 

Increased  production  of  red  cells  of  normal  longevity  would  indicate  an  in- 
crease in  the  excretion  of  hemoglobin  breakdown  products  in  the  stool.  Although 
low  values  for  stercobilin  have  been  reported  in  polycythemia  vera  (172),  other 
more  recent  data  would  appear  to  show  a  more  favorable  relationship  in  the  pig- 
ment excretion  (173).  It  seems  reasonable  to  conclude  that  the  normal  values 
obtained  with  N^^  labelled  glycine  and  other  methods  for  the  red  cell  life  span  in 
polycythemia  vera  are  correct  and  that  the  erythrocytosis  is  due  to  increased 
erythropoietic  activity  in  the  marrow. 

Since  the  original  description  of  polycythemia  vera  by  Vaquez  (82)  and  its 
clinical  delineation  by  Osier  (83)  many  hypotheses  have  been  proposed  for  the 
etiology  of  the  increased  erythropoiesis.  The  early  appreciation  of  the  relation 
of  the  anoxemia  of  high  altitude  to  erythrocytosis  (28)  and  the  polycythemia 
found  in  congenital  heart  disease  and  pulmonary  conditions,  directed  attention 
to  bone  marrow  anoxia  as  the  cause  of  the  erythrocytosis  in  erythremia.  Since 
a  state  of  relative  anoxia  had  been  presumed  to  exist  in  the  bone  marrow  at  all 
times,  any  decrease  in  the  oxygen  content  of  the  marrow  would  result  in  an 
increased  rate  of  erythrogenesis  and  polycythemia.  Marrow  anoxemia  has  been 
postulated  to  be  due  to  one  of  the  following  causes. 

1.  Impaired  pulmonary  diffusion;  increased  tissue  respiration;  vascoconstric- 
tion  of  capillaries. 

2.  Abnormal  hemoglobin  pigments;  poor  dissociation  of  oxy-hemoglobin 

3.  Sclerosis  and  fibrosis  of  bone  marrow  capillaries. 

4.  Capillary  dilatation  with  stagnation. 

5.  Competitive  anoxemia  due  to  myeloid  hyperplasia. 

The  average  arterial  oxygen  saturation  of  the  blood,  of  primary  interest  in 
these  cases  of  polycythemia  vera,  has  been  found  to  be  at  the  lower  limit  of  nor- 
mal by  numerous  investigators  (7,  8,  10,  151,  174).  Careful  studies  done  recently, 
in  which  an  attempt  was  made  to  preclude  the  enhanced  consumption  of  oxygen 
by  polycythemic  blood  as  demonstrated  by  deWardner  and  Young  (8)  and 
others  (10)  show  a  small  albeit  significant  reduction  from  the  normal  oxygen 
saturation.  In  a  continuation  of  a  study  reported  previously  by  Wasserman  et  al 
(10)  the  oxygen  saturation  in  over  50  additional  patients  with  erythremia  ranged 
from  91.0  to  98.3  per  cent  with  a  mean  of  93.3  per  cent.  This  .slight  arterial  un- 
saturation  can  result  only  from  venous  admixture,  or  impaired  pulmonary  dif- 
fusion or  ventilation  of  various  causes.  Neither  venous  admixture  nor  hypoventi- 
lation has  been  demonstrated  to  be  a  factor  (see  section  on  erythrocytosis).  The 
increased  volume  and  viscosity  of  the  blood  in  the  pulmonary  capillaries  may, 
by  a  mechanical  effect  or  reflexly,  cause  a  reduction  in  the  functional  residual 
capacity  of  the  lungs  with  arterial  oxygen  unsaturation  of  a  mild  degree  resulting. 
By  a  similar  mechanism,  gas  diffusion  may  be  impaired  as  noted  by  Harrop  in 
severe  polycythemia  vera,  with  a  minimal  reduction  in  arterial  oxygen  content 
(151). 

Increased  tissue  respiration  leading  to  relative  anoxia  has  been  advocated  by 
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sonio  to  account  for  the  erythrocyt<)si«  (175);  and  localized  va.soconstriction  of 
the  \  essels  of  the  marrow  has  been  hypothesized  as  the  cause  of  the  increased 
red  coll  level  (1,  170,  177).  Others  have  advanced  the  ingenious  hypothesis  of  an 
abnormal  hemoglobin  being  present  in  polycythemia  vera  which  has  great 
avidity  for  oxygen  which  it  releases  slowly  or  not  at  all  to  the  tissues.  Recent 
studies  (7)  have  demonstrated  a  normal  oxygen  dissociation  curve  for  polycythe- 
mia vera  blood,  however.  Reznikoff  etal  (42)  postulated  the  presence  of  increa.sed 
fibrosis  and  sclerosis  of  the  bone  marrow  capillaries  resulting  in  relative  bone 
maiTow  anoxia  because  of  inadeciuate  oxygen  diffusion,  but  this  was  probably 
coincidental  in  the  group  studied.  Localized  relative  anoxemia  of  the  erythro- 
genic  centers  due  to  greater  affinity  or  utilization  of  oxygen  by  the  larger  volume 
of  myeloid  tissue  (178)  or  by  stagnation  of  blood  in  dilated  marrow  capillaries 
has  also  been  advanced  as  causes  for  erythropoietic  hyperplasia. 

No  evidence  for  support  of  the  many  theories  resulting  in  bone  marrow  anoxia 
has  been  produced ;  rather  the  studies  do  not  support  the  thesis  of  bone  marrow 
anoxia  as  the  primary  stimulus  for  the  erythrocytosis  of  erythremia.  The  ques- 
tion of  the  presence  or  absence  of  bone  marrow  anoxia  in  polycythemia  vera  was 
finally  i-esoh'ed  by  the  definitive  studies  of  the  oxygen  saturation  of  the  bone 
marrow  by  Schwartz  and  Stats  (179)  and  Berk  et  al  (180).  Utilizing  the  material 
obtained  by  marrow  aspiration,  these  investigators  found  either  normal  or  in- 
creased oxygen  saturation  values  in  erythremia.  The  fact  that  many  patients 
with  very  high  polycythemic  levels  have  normal  arterial  oxygen  saturation 
would  indicate  that  the  polycythemia  per  se  is  not  the  cause  of  the  minimal  un- 
saturation  occasionally  found.  Breathing  oxygen  raises  the  arterial  oxygen  con- 
tent to  normal  eliminating  venous  admixture  as  a  cause;  and  the  arterial  oxygen 
dissociation  curve  is  normal  (7).  The  evidence  thus  suggests  that  the  minimal 
arterial  oxygen  unsaturation  found  in  polycythemia  vera  is  of  little  or  no  sig- 
nificance in  causing  the  erythrocytosis  and  that  the  impaired  pulmonary  diffu- 
sion found  in  polycythemia  vera  by  Harrop  (151)  and  others  (7,  174)  is  an  efTect 
of,  and  not  the  cause  of,  the  increased  red  cell  mass.  In  erythrocytosis  secondary 
to  anoxemia  or  any  other  cause  the  pancytosis  and  hepato-splenomegaly  of 
erythremia  are  absent. 

Satisfactory  evidence  for  the  etiologic  relationship  of  any  humoral  of  hormonal 
factor  to  polycythemia  vera  has  also  been  lacking.  The  early  studies  on 
"hemopoietine"  could  not  be  duplicated  in  polycythemia  vera  (5).  Shortly  after 
Castle's  work  on  intrinsic  factor  and  pernicious  anemia,  an  excess  of  intrinsic 
factor  was  hypothesized  as  causing  erythremia  (41,  178);  and  a  gastric  humoral 
agent  "Addisin"  was  also  postulated  (181).  X-irradiation  to  the  stomach,  gastric 
lavage  and  even  gastrectomy  were  thus  recommended  for  therapy  of  polycy- 
themia vera  (182-186)  but  the  results  hardly  justified  the  use  of  such  measures. 

Recently,  interest  has  been  revived  in  the  presence  of  some  circulating  erythro- 
cyte stimulating  factor  in  polycythemia  vera  (33,  35-39).  Further  investigations 
are  necessary  however  to  establish  a  definite  causal  relationship  to  the  polycy- 
themia of  erythremia.  The  possible  relationship  of  polycythemia  to  an  erythro- 
cyte regulatory  center  in  the  brain  has  been  discussed;  Haynal  and  Graf  (60) 
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report  minun-ous  lesions  ol'  the  hypothalamus  associated  with  polycythemia  and 
occurring  too  frequently  to  he  considered  coincidental.  Because  of  evidence  of 
hyperfunction  of  the  pituitary  and  hypothalamic  region,  four  cases  of  polycy- 
themia vera  received  x-irradiation  to  the  hypophyseal  area  with  e(iuivocal  re- 
sponses; unsuccessful  results  were  oV)tainetl  in  five  patients  with  erythremia  l)y 
Bassen  (68). 

It  is  of  interest  to  speculate  on  the  relationship  of  brain  lesions  to  polycythemia 
and  there  is  ample  clinical  and  hematological  evidence  to  indicate  there  may  be 
such  a  relationship;  but  it  must  be  emphasized  that  in  puli/cijthemia  vera,  the 
polycythemia  is  only  one  facet  of  a  much  more  profound  hematologic  disorder 
in  which  the  white  cells  and  platelets  are  as  much  involved  as  are  the  red  cells. 

An  appreciation  of  the  developmental  potentialities  in  cases  of  polycythemia 
vera  and  the  close  relationship  to  other  myeloproliferative  syndromes  has 
emphasized  the  neoplastic  nature  of  the  underlying  disease  (Fig.  5). 

Polycythemia  vera  represents  a  proliferative  neoplastic  disorder  of  the  primi- 
tive mesenchymal  tissue  (187).  As  a  result  of  a  stimulus  which  may  vary  both 
quantitatively  and  qualitatively,  this  embryonal  tissue  is  incited  to  proliferate 
rapidly.  Initially  the  response  is  predominantly  erythroid  with  the  characteristic 
polycythemic  peripheral  blood  picture.  There  is  nevertheless  at  the  same  time 
also  evidence  of  increased  leucoblastic  and  megakaryocytic  activity.  This  overall 
response  with  a  panmyelosis  was  noted  by  Turk  (84)  and  others  (85-88,  90). 
Weber  (85)  doubted  that  the  erythrocytic  producing  function  of  the  bone  mar- 
row could  ever  be  greatly  increased  without  the  myelocytes  being  involved  in  the 
activity.  Wasserman  (11)  has  depicted  the  marrow  responding  as  an  hematic 
unit  with  considerable  variation  in  the  proliferative  activity  of  the  different  cell 
types.  The  erythropoiesis  in  polycythemia  vera  is  actually  only  one  facet  of  a 
complex  disease  process.  It  may  be  noted  at  this  point  that  less  erythropoietic 
tissue  is  necessary  in  the  marrow  to  maintain  a  normal  red  cell  concentration 
than  myeloid  tissue  for  a  normal  white  cell  level  (188).  Two  factors  account  for 
this  disproportion;  the  longer  cell  life  of  the  red  cell  as  well  as  the  completely 
intravascular  existence  of  the  red  cell  as  contrasted  with  the  granulocytes. 

The  protean  pathological  findings  that  evolve  from  the  very  beginning  depend 
on  the  continuing  changing  response  of  the  derivatives  of  the  primitive  mesen- 
chymal tissue.  This  may  be  due  to  changes  in  the  initial  stimulus  or  possibly  to 
changes  in  the  host  response  to  a  stimulus  that  remains  constant.  Although  there 
is  no  set  pattern,  the  early  erythroid  activity  seen  at  the  outset  eventually  begins 
to  falter  and  the  leucoblastic  or  megakaryocytic  activity,  or  both,  accelerate. 
This  may  eventually  be  followed  by  intense  proliferation  of  the  non-hematic 
derivatives  of  the  reticulum,  the  fibroblasts  and  osteoblasts.  In  rare  instances 
localized  hematic  tumors  (78,  189)  may  even  develop  terminally.  As  a  result  of 
this  disorderly  progression  there  emerges  a  variety  of  hematological  pictures 
similar  in  all  respects  to  conditions  designated  as  agnogenic  myeloid  metaplasia 
(190),  myeloid  leukemia,  myelosclerosis,  osteosclerosis,  megakaryocytic  leukemia 
and  acute  myeloblastic  leukemia.  On  occasion  white  cell  proliferation  of  leukemic 
proportions  may  develop  while  polycythemia  to  a  marked  degree  is  still  present. 
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Fig.  5.  Schematic  concept  of  the  interrelationship  of  poh'cythemia  vera  (erythremia) 
with  myeloid  metaplasia  and  other  proliferative  diseases  of  the  reticulum.  Stimulation  of 
the  primitive  reticulum  cell  must  be  hypothecated  to  account  for  the  proliferation  of  all 
hematic  and  non-hematic  mesenchymal  derivatives  occtirring  in  polycythemia  vera.  Quali- 
tative and  (pumtitative  variations  in  the  intensity  of  the  stimuli  will  determine  the  hema- 
tologic and  pathologic  changes  occurring  during  the  course  of  erythremia,  e.g.,  megakaryo- 
blast stimulation  to  produce  thrombocytotis  or  megakarvocytic  myelosis  and  stimulation 
of  the  white  cell  jirecursor  to  produce  a  leukemoid  or  leukemic  picture.  Fibroblastic  and 
osteoblastic  hyperactivity  may  result  in  myelofibrosis  or  osteosclerosis  ("spent  polycy- 
themia"). Erythremia  and  myeloid  metaplasia  are  closely  related,  the  latter  probably 
always  associated  with  erythremia  of  sufficient  duration.  With  development  of  e.xtra- 
medullary  hematopoiesis,  erythrogenesis  may  diminish  as  denoted  by  the  dotted  line 
whereas  other  specific  stimuli  appear  to  grow  more  intense  (heavy  lines).  Myeloid  meta- 
plasia may  occur  without  antecedent  erythremia,  the  erythrogenetic  stimulus  initially 
appearing  normal  or  diminished,  whereas  the  other  stimuli  are  increased  from  the  onset 
(note  heavy  lines  bypassing  erythremia) .  The  hematologic  iind  pathologic  picture  in  myeloid 
metaplasia  associated  with  polycythemia  vera  of  long  duration  and  that  of  the  idiopathic 
variety  are  indistinguishal)le.  (Modified  from  Rosenthal,  M.  C,  Bull.  New  England  Med. 
Center  12:  154,  1950).  (Reprinted  with  permission  of  the  publisher  from  Wasserman,  L.  R., 
Polvcvthemia  Vera — Its  Course  and  Treatment:  Relation  to  Myeloid  Metaplasia  and 
Leukemia.  Bull.  N.  Y.  Acad.  Med.,  3:  343,  1954). 


Any  and  all  combinations  of  cellular  activity  may  occur  and  when  viewed  simply 
in  the  light  of  varying  reticulum  cell  responses  the  later  developments  that  occur 
in  polycythemia  should  be  easily  understood. 

Blood  cell  formation  in  the  embryo  takes  place  in  the  bone  marrow  as  well  as 
in  the  extraosseous  organs  as  the  liver  and  spleen.  Shortly  before  birth  hemato- 
poiesis becomes  localized  to  the  marrow  cavity  and  a  physiologic  regression  of 
the  heteroplastic  foci  derived  from  the  cytoplastic  reticulum  occurs.  These  areas 
however  still  retain  their  functional  capacity  to  produce  differentiated  hematic 
cells  under  the  proper  stimulus.  The  tmdifferentiated  reticulum  is  common  to 
both  the  adult  bone  marrow  and  the  liver  and  spleen;  stimulation  of  the  reticu- 
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luin  ill  the  inanow  should  produce  a  similar  response  in  the  dormant  extra- 
osseous reticulum  cell  and  subsequently  in  its  derivati\es.  The  fundamental 
disturbance  in  erythremia  thus  is  a  reticulosis  and  the  extra-medullary  blood 
formation  always  present  in  polycythemia  vera  of  long  duration  is  of  autochtho- 
nous origin  and  not  compensatory  due  to  the  exhausted  fibrotic  bone  marrow. 
Myeloid  metaplasia  has  been  noted  in  the  presence  of  a  full  and  active  marrow; 
and  when  fibrosis  has  been  present,  it  has  also  been  noted  to  a  marked  degree  in 
the  extra-osseous  organs,  particularly  the  spleen,  indicating  an  extra-medullary 
response  identical  to  that  in  the  marrow.  Vaughan  has  noted  that  even  in  ad- 
vanced myelofibrosis  there  still  remains  red  marrow  in  excess  of  that  found  nor- 
mally (110).  The  myeloproliferative  syndrome  includes  a  broad  spectrum  of 
conditions  (145,  191-196)  and  from  the  standpoint  of  tempo,  polycythemia  vera 
may  be  visualized  at  one  end  and  acute  myeloblastic  leukemia  at  the  other 
(11,  78,  100,  124,  153,  190,  197-211). 

The  condition  designated  as  agnogenic  myeloid  metaplasia  was  considered  by 
Jackson  et  al  (190)  to  be  a  disease  entirely  distinct  from  chronic  myeloid  leu- 
kemia. Heller  et  al  (193)  and  others  (11,  191,  124)  on  the  other  hand  noted  the 
many  similarities  and  grouped  these  two  conditions  together.  The  cytochemical 
studies  of  Valentine  et  al  (212)  on  leukocytic  alkaline  phosphatase  confirmed  the 
views  of  Jackson  et  al  (190)  by  noting  an  increase  in  the  alkaline  phosphatase 
content  of  the  cells  in  myeloid  metaplasia  in  contrast  to  low  to  absent  leukocyte 
enzyme  levels  in  chronic  myelocytic  leukemia.  From  the  clinical  and  hemato- 
logical standpoint,  however,  the  leukemic  pictures  that  develop  in  polycythemia 
vera,  may  resemble  in  all  respects  the  chronic,  subacute  or  acute  leukemia  that 
is  seen  without  a  prior  polycythemia. 

The  incidence  of  the  later  development  of  leukemia  in  polycythemia  vera, 
varying  from  12  to  80  per  cent  in  different  series,  is  misleading  if  calculated  only 
on  the  basis  of  any  one  group  of  cases  studied,  since  a  high  percentage  of  patients 
succumb  to  complications,  particularly  thromboses  and  hemorrhages,  early  in 
the  disease.  The  incidence  would  be  much  higher  and  more  accurate  if  based  only 
on  the  percentage  of  those  patients  who  had  survived  to  the  anemic  phase.  This 
could  be  even  further  corrected  by  taking  out  those  cases  who  die  of  conditions 
unrelated  to  the  polycythemia.  Careful  study  reveals  that  the  incidepce  increases 
with  the  duration  of  the  disease  thus  indicating  the  almost  inevitable  progression 
to  a  leukemic  state  if  the  patient  survives  long  enough.  The  developmelit  of>leu- 
kemia  in  this  disease  is  predestined  from  the  very  beginning.  Although  the  coiirse 
may  be  long,  the  original  stimulus  that  created  the  disease  is  relentless  &nd 
ultimately  achieves  its  objective  in  all  patients  who  survive  long  enough. 

PATHOLOGY  '  '''^ 

The  pathological  findings  of  early  polycythemia  vera  may  bear  little  or  no 
resemblance  to  those  found  in  the  "spent  phase".  During  the  early  plethoric 
stage  of  the  illness  only  a  hyperplastic  red  marrow  throughout  all  the  bones  may 
enable  one  to  make  a  diagnosis.  There  is  a  total  panmyelosis  with  obliteration 
of  the  normal  yellow  fatty  marrow  spaces.  The  spleen  is  enlarged,  and  may 
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Fig.  6.  Causes  of  death  in  64  cases  of  polycythemia  vera  treated  by  all  forms  of  therapy. 
"Leukemia"  refers  only  to  the  acute  type;  myeloid  metaplasia  includes  myelofibrosis  and 
all  associated  pathological  entities.  Where  hemorrhage,  thrombosis,  etc.,  occurred  as  a 
direct  cause  of  death  in  advanced  myeloid  metaplasia,  death  was  classified  as  being  due  to 
myeloid  metaplasia  only.  (Reprinted  with  permission  of  the  publisher  from  Wasserman, 
L.  R.,  Polveythemia  Vera — Its  Course  and  Treatment:  Relation  to  Mveloid  Metaplasia 
and  Leukemia.  Bull.  N.  Y.  Acad.  Med.,  3:  343,  1954). 

reveal  only  congestion,  slight  metaplastic  blood  formation  and  an  increase  in  the 
pulp.  The  hypervolemia  is  reflected  in  all  the  organs  which  reveal  marked  vascu- 
lar engorgement  with  tortuous  and  conspicuous  vessels.  Hemorrhages  may  be 
noted  in  the  skin  and  mucous  membranes  or  thromboses  may  be  found  in  any 
organ;  anemic  infarcts  in  the  spleen  are  not  uncommon.  Although  thromboses 
are  frequently  noted,  the  blood  vessels  themselves  show  no  more  artereosclerosis 
than  would  be  expected  in  the  age  group  involved  (93). 

The  cause  of  death  at  this  stage  is  primarily  hemorrhage  or  throml)osis;  at 
autopsy,  coronary,  cerebral  or  mesenteric  or  other  major  vessels  may  be  involved 
(Fig.  6). 

The  pathological  changes  found  later  in  the  disease  after  anemia  has  ensued, 
are  very  much  different.  A  variety  of  complex  pathological  pictures  are  found 
due  basically  to  proliferation  of  the  various  deri\'atives  of  the  reticulum  cell. 
The  spleen  is  usually  \  ery  much  enlarged,  bluish  red,  smooth,  shows  signs  of 
previous  infarcts,  and  at  times,  almost  fills  the  entire  abdomen.  It  may  be 
markedly  fibroti(;  and  on  section  reveals  myeloid  metaplasia,  often  so  extensive 
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that  it  appears  like  active  cellular  hone  marrow.  In  addition  considerable  fibro- 
blastic and  reticulum  cell  hyperplasia  may  be  noted.  The  marrow  at  this  stage  no 
longer  has  a  red  appearance;  rather  it  is  pale,  firm  and  dry  due  to  fibrosis  and/or 
osteosclerosis;  megakaryocytes  and  early  white  cells  may  be  scattered  in  the 
fibrous  tissue.  Very  late  in  this  disease,  the  cellularity  may  be  completely  re- 
placed by  fibroblastic  and  osteosclerotic  tissue  (11,  78,  91).  The  entire  bone 
structure  may  be  thickened  by  this  process  and  on  microscopic  examination  the 
endosteum,  cortex  and  periosteum  are  involved.  Where  the  hematological  pic- 
ture of  acute  myeloblastic  leukemia  is  noted  the  autopsy  findings  reflect  the 
leukemic  changes  as  well  as  the  proliferative  aspect  of  the  reticulum  cell  deriva- 
tives. 

Myeloid  metaplasia  is  extensive  in  the  liver,  at  times  giving  rise  to  nodular 
formation  simulating  cirrhosis  or  even  a  hepatoma  when  growing  rapidly.  The 
liver,  as  the  spleen,  may  reach  enormous  proportions  weighing  as  much  as  5000 
grams.  Heteroplastic  blood  formation  may  also  be  noted  in  the  lymph  nodes 
and  kidney. 

Ascites  seen  at  autopsy  in  a  small  percentage  of  cases  is  generally  due  to 
hepatic  or  portal  vein  thrombosis.  Although  cirrhosis  of  the  liver  may  be  seen 
in  rare  instances,  it  may  be  coincidental  or  secondary  to  the  use  of  hemolyzing 
agents.  Figures  3  and  5  graphically  depict  the  patho-physiologic  changes  occur- 
ring in  polycythemia  vera. 

TREATMENT 

Intelligent  management  of  a  case  of  polycythemia  vera  throughout  its  course 
can  be  accomplished  only  by  a  complete  understanding  of  the  pathophysiology 
of  the  disease  in  its  various  stages.  The  inevitable  progression  of  polycythemia 
vera  from  the  erythrocytic  stage  through  the  complex  changing  pattern  of 
clinical  and  pathological  alterations  of  the  "spent  phase"  recjuires  constant 
reappraisal  of  the  prescribed  therapy.  Treatment  to  be  adequate  and  satis- 
factory during  the  polycythemic  stage  must  in  some  way  control  the  marked 
hematic  cell  proliferation  with  its  resultant  complications,  and  provide  sympto- 
matic relief  for  as  long  a  period  of  time  as  possible.  Reduction  of  the  red  cell 
mass  may  be  accomplished  by  (a)  removal  of  the  excessive  ciuantity  of  blood  by 
venesection,  (b)  production  of  intravascular  hemolysis  by  the  use  of  a  hemolytic 
agent  as  acetylphenylhydrazine,  (c)  suppression  of  marrow  hyperactivity  by 
chemicals,  x-irradiation  or  isotopes  or  (d)  any  combination  of  the  above.  The 
most  successful  form  of  therapy  for  erythremia  however  is  the  combination  of 
venesections  followed  by  the  use  of  a  myelosuppressive  agent  (Tables  I  and  II). 

Phlebotomy  is  the  oldest,  and  still  effecti\'e,  method  in  the  management  of 
cases  of  polycythemia  (108,  134,  213,  214).  Repeated  phlebotomies  of  200  to 
500  ml.  can  reduce  the  blood  volume  to  normal  within  a  short  period  of  time  and 
relieve  the  patient  of  many  of  the  uncomfortable  symptoms,  the  direct  result 
of  the  greatly  increased  blood  volume  and  viscosity.  In  the  very  mild  cases  this 
method  of  therapy  may  be  all  that  is  rec[uired  and  lengthy  remissions  may  be 
produced.  In  the  more  severe  cases,  however,  management  with  venesection 
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TABLE  I 

Preferred  Forms  of  I'licrd i>!i  of  Kri/lhrciin'd  (In  order  of  Preference) 
1  Polycythemic  Phase 
a)  IJ.idioactive  phosphorus  (1''^): 

treatment  of  choice-;  oral  or  iiil  ravenous 
h)  Total  l)od>'  radiation: 

used  when  P^'^  not  availahh-;  may  [jroducc  radiation  sickness 

c)  Venesection: 

for  initial  rapid  reduction  of  blood  volume  to  normal;  may  he  uschI  subseciuent ly 
when  indicated  for  emergency  or  preparatory  to  further  myelosuppressive  therapy 

d)  Triethylene  melamine  (TEM) : 

freciuent  gastrointestinal  and  hematologic  toxicity;  response  unpredictable;  short 
remissions 
II  "Spent  Phase" 

a)  no  treatment  if  no  anemia 

b)  Transfusions: 

for  anemia 

c)  ACTH  or  cortisone: 

for  anemic  stage  with  hemolytic  syndrome;  for  bone  marrow  failure;  prioi-  to 
splenectomy 

d)  Splenectomy : 

only  when  careful  evaluation  indicates  probability  of  success;  not  to  be  lightly 
recommended. 

TABLE  II 

Principlcfi  of  Management  of  Poh/cijthemir  Phase  of  Pohjr ijlhemia  Vera 
I  Reduction  of  blood  volume  by  300  to  ofH)  ml.  venesections  every  1  to  2  daj's  to  normal 
levels. 

II  Myelosuppressive  therapy 

a)  Radioactive  phosphorus  or 

b)  Total  body  irradiation  or 

c)  Triethylene  melamine 

III  Individualize  therapy 

a)  Tolerance  of  patient  to  myelosuppressive  agents  must  be  titrated 

b)  Give  no  more  than  3  to  7  mc.  P^^  every  six  months 

c)  TEM  in  small  doses  of  2.5  to  5  mg.  per  dose  for  total  of  10  to  20  mg. 

IV  Venesections  used  routinely  only  in  resistant  cases 

a)  myelosuppressive  agent  in  addition  for  throml)ocytosis 
V  Periodic  blood  examination 

VI  Elective  surgery  delayed  until  blood  under  control  for  at  least  2  months.  Emergency 
surgery  only  after  rapid  noi-malization  of  blood  by  venesection. 

alone  is  usually  difficult  and  unsatisfactory  since  the  red  cell  regenerative  rate 
is  so  rapid.  Each  500  ml.  phlebotomy  results  in  the  removal  of  250  mg.  of  iron 
in  addition  to  red  cell  stroma,  plasma  proteins,  etc.  Marrow  activity  is  indeed 
stimulated  by  removal  of  blood  to  produce  red  cells,  white  cells  and  platelets  at 
an  even  faster  rate  and  ultimately  a  peculiar  type  of  iron  deficient  anemia  de- 
velops with  a  thrombocytosis  and  granulocytic  leukocytosis.  In  cases  treated 
solely  in  this  fashion,  hemoglobin  values  in  the  anemic  range  have  been  as- 
sociated with  polycythemic  red  cell  coimts  ("chlorotic  phase")  (78).  This  iron 
deficient  hypochromic  micro('yti(;  poly(;ythemia  may  be  associated  with  all  the 
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symptoms  of  severe  hypoferremia  as  glossitis,  dysphagia,  anorexia,  and  asthenia. 
Also,  since  iron  is  an  essential  trace  metal  taking  part  in  many  metabolic  ac- 
tivities, serious  depletion  may  impair  normal  cellular  function.  Patients  with 
erythremia  treated  by  repeated  venesection  may  become  severely  incapacitated 
due  to  the  induced  iron  deficiency.  In  such  instances  the  administration  of  iron 
in  therapeutic  doses  may  produce  dramatic  improvement  in  the  physical  state 
with  the  polycythemia  subsequently  controlled  b,y  myelosuppressive  agents 
(11)- 

An  effort  to  circunn-ent  some  of  the  disadvantages  of  venesections  was  at- 
tempted by  replacing  the  total  red  cell  and  plasma  \  olume  removed  with  si- 
multaneous plasma  infusions  (215).  However,  danger  of  transfusion  serum  hepa- 
titis as  a  complication  of  this  procedure  discouraged  further  investigation. 
Utilization  of  the  newer  plastic  containers  for  venesections  will  permit  salvage 
of  the  homologous  plasma  and  subsequent  reinjection  thus  restoring  the  plasma 
proteins  and  \  olume  to  prephlebotomy  levels. 

Chronic  blood  loss  in  erythremia  has  been  accomplished  by  deliberate  in- 
festation with  ancylostoma  duodenale  (216,  217).  This  treatment  does  not  appear 
to  have  any  ad^'antage  over  venesections. 

Iron  poor  diets  have  been  recommended  as  a  supplementary  form  of  treat- 
n^ent  of  erythremia  together  with  nenesection  (218-220).  This  is  a  most  uncom- 
fortable procedure  however,  for  a  disease  so  chronic  in  its  duration.  A  positive 
iron  balance  is  maintained  on  an  absorption  of  about  1  mg.  of  elemental 
iron  per  day  to  compensate  for  the  same  amount  excreted.  Only  five  to 
ten  per  cent  of  the  iron  in  the  normal  daily  diet,  which  contains  about  20 
mg.  of  available  iron  in  conjugated  form,  is  absorbed.  It  is  thus  obvious  that 
severe  limitation  of  food  intake  must  occur  to  reduce  the  daily  iron  absorption 
to  the  Img.  level.  Elimination  of  such  iron  containing  foods  as  muscle  and  glandu- 
lar meats,  eggs,  bread,  green  leafy  vegetables,  cereals  and  fresh  fruits  from  the 
diet  is  required.  This  enforced  iron  depri^•ation  may  be  compared  with  the  results 
of  one  venesection  of  500  ml.  wherein  250  mg.  of  iron  are  remo\'ed  in  a  few  mo- 
ments. 

Reduction  of  the  red  cells  by  intra\'ascular  destruction  using  a  hemolytic 
agent  has  been  successfully  and  rapidly  accomplished  by  the  potent  hemolytic 
agents,  acetylphenylhydrazine  (Pyrodine®)  and  phenylhydrazine  (221-223). 
Pyrodine  -  is  usually  given  in  a  dosage  of  0.1  gram  three  times  a  day  until  the  red 
cells  approach  normal,  after  which  the  dosage  may  be  reduced  to  maintenance 
levels  which  varies  considerably  in  different  individuals.  The  fall  in  red  cells  is 
accompanied  by  a  reticulocytosis,  bilirubinemia  and  all  the  other  findings  as- 
sociated with  hemolytic  anemia.  Like  venesection  however,  this  type  of  therapy 
has  disadvantages  (224-226).  Patients  on  maintenance  pyrodine  therapy  ha^•e  a 
muddy  complexion  due  to  the  low  grade  bilirubinemia.  The  marrow  is  greatly 
stimulated  by  the  products  of  hemolysis  with  a  marked  leukocytosis  and  thrombo- 
cytosis; and  since  the  response  is  very  variable  it  becomes  difficult  to  standardize 
the  dosage.  Severe  hemolytic  anemias  necessitating  transfusions  have  resulted 
in  previously  resistant  cases  and  vice  versa.  The  most  serious  disadvantage 
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li()\v(>\(M-  is  tlic  toxic  clTcct  this  luMiiolytic  aj^ent  with  its  hiiiruhiiicinia  has  on  the 
h\('r.  Ill  the  cases  of  polycythemia  associated  with  cirrhosis  of  the  Hver  (Mosse 
syiuhoinc),  phenylhydi'aziiie  had  been  used  and  it  may  well  be  that  there  is  a 
causal  relationship. 

Reduction  of  the  red  cell  mass  by  suppression  of  marrow  activity  may  be 
accomplished  by  drugs  or  radiation  (188).  The  fundamental  disturbance  in 
polycythemia  \-era  is  the  marrow  panmyelosis  and  pancytosis  producing  the 
symptoms  and  complications  of  the  disease.  Since  hemorrhage  and  thrombosis 
will  occur  in  about  50  per  cent  of  untreated  or  inadequately  treated  erythremia 
patients,  it  is  necessary  to  expedite  the  correction  of  the  polycythemia  by  rapid 
reduction  of  the  blood  volume  by  venesections  until  normal  or  almost  normal 
red  cell  levels  are  attained.  A  myelosuppressive  agent  should  then  be  admin- 
istered. 

Drugs  known  for  their  inhibitory  action  on  the  bone  marrow  and  thus  used  in 
the  ti-eatment  of  polycythemia  vera  have  been  benzol  (227),  lead  (228),  Fowler's 
solution  (229),  the  alkylating  agents  (230-237),  and  the  antifols  (238,  239). 
The  results  following  Fowler's  solution  are  unsatisfactory,  and  the  necessity  of 
pushing  the  drug  to  the  limit  of  tolerance  with  its  associated  symptoms  of 
arsenic  intoxication  make  this  drug  undesirable  for  treatment  of  erythremia. 

Other  agents  such  as  lead  (228)  and  benzol  (227)  have  been  tried  with  either 
no  or  questionable  benefit  to  the  patient. 

Nitrogen  mustard  (HX2),  methyl-bis(-chlorethyl)  amine  hydrochloride,  can- 
not be  recommended  for  the  treatment  of  polycythemia  vera  because  of  the 
severe  gastrointestinal  reactions  occurring  in  many  cases,  the  frequent  excessive 
marrow  depression  induced  and  the  necessity  of  hospitalizing  the  patient;  the 
responses  obtained,  although  satisfactory  in  many,  are  short-lived. 

Triethylene  melamiue  (TEM)  is  a  radio-mimetic  agent  similar  in  chemical 
structure  to  the  active  transformation  form  of  nitrogen  mustard,  is  effective 
when  taken  orally  and  is  less  toxic  than  HN2.  Its  cytotoxic  action  in  inhibiting 
mitotic  division  makes  it  most  effective  in  tissues  with  increased  cellular  prolifera- 
tion. TEM  shows  reduced  pharmacologic  activity  at  an  acid  pH,  combines 
readily  with  organic  material  but  is  relatively  stable  in  an  alkaline  medium  and 
is  usually  administered  in  a  fasting  state  with  alkali.  This  latter  method  of  ad- 
ministration has  been  used  extensively  yet  there  has  been  no  reduction  in  the 
gastrointestinal  disturbances,  nor  in  the  A-ariability  of  effects  produced.  Although 
the  oral  route  of  therapy  presents  readily  apparent  advantages  to  the  patient, 
it  may  be  precisely  this  mode  of  administration  which  accounts  for  the  vari- 
ability in  response;  thus  the  intravenous  route  has  been  used  (11,  239).  Sup- 
pression of  hemopoiesis  with  reduction  in  the  peripheral  cellular  elements  occurs 
and  remissions  in  erythremia  have  been  produced  with  both  oral  and  intra- 
venous administration  of  TEM  (231,  233,  23(),  237). 

The  "simple"  cases,  i.e.,  those  not  associated  with  excessive  myeloid  hyper- 
activity accompanied  by  a  high  white  count  and  leukemoid  reaction,  respond 
best  to  TEM  therapy.  Early  cases  appear  to  benefit  more  than  patients  with 
long  standing  disease.  The  effect  of  TEM  is  variable,  patients  responding  to  one 
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Fig.  7.  Typiciil  I•e^spoIlse  of  "simple"  case  of  polycythemia  vera  to  TEM;  note  "titra- 
tion" of  dose  from  10  mg.  in  8  divided  doses  to  eventual  use  of  20  mg.  in  2  doses. 

dose  once  and  not  thereafter.  Since  small  doses  of  triethylene  melamine  may  be 
effective  and  cumulative,  readministration  of  the  drug  in  polycythemia  vera 
should  not  occur  for  at  least  two  months.  The  initial  response  ustially  occurs  in 
two  to  four  weeks  with  a  maximum  reduction  in  red  cells  attained  in  two  to  four 
months,  with  the  longest  remission  about  two  years.  One  third  of  the  patients 
treated  with  oral  TEM  develop  severe  nausea  and  ^^omiting  which  limit  its  use. 
The  effective  dose  can  only  be  arrived  at  through  trial  and  error  although  a 
good  starting  cour.se  appears  to  be  10  mg.  in  two  divided  doses  over  a  two  or 
three  day  period.  TEM  may  be  used  with  satisfactory  results  if  one  is  aware  of 
its  dangers  and  limitations  and  watches  its  results  carefully.  Figure  7  denotes  the 
method  of  therapy  with  TEM. 

Daraprim*  (pyrimethane)  is  an  anti-malarial  with  weak  antifolic  andantifolinic 
acid  activity  (238).  Similar  to  aminopterin  and  methotrexate,  it  is  capable  of 
causing  a  megaloblastic  transformation  of  the  bone  marrow  with  an  anemia  and 
leukopenia.  Although  daraprim  has  been  reported  to  be  effective  in  the  treatment 
of  erythremia  (238),  experience  has  not  borne  this  out  (236,  239).  The  action  of 
the  drug  is  slow  and  unpredictable  and  gastrointestinal  distiu-bances  occur  in 
about  50  per  cent  of  patients.  Toxic  signs  such  as  marrow  aplasia,  petechiae, 
mouth  ulcerations  and  gastrointestinal  hemorrhage  may  complicate  treatment 
with  daraprim.  Since  it  is  rarely  effective  it  should  not  be  used. 

Various  forms  of  irradiation  have  been  utilized  to  reduce  bone  marrow  ac- 
tivity, e.g.,  local  x-irradiation  to  spleen  and  long  bones,  total  body  irradiation 
(240,  241)  and  administration  of  radioactive  isotopes  in  ionic  or  colloidal  form 
of  phosphorus,  sodium,  gold,  zirconium  columbium  and  yttrium  (242-244). 
Despite  the  multiplicity  of  therapeutic  measures  available  for  myelostippressive 
use  only  two  can  be  recommended  (a)  radioactive  phosphorus  and  (b)  spray 
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irradiation,  with  the  ioi  inci-  pret'crrcd  Ijccausc  of  its  ease  oi  adiiiiiiist  nit  ion  and 
absence  of  any  symptoms  associated  with  its  use.  Lo(;al  x-ray  to  tiie  \oug  bones 
or  whole  body  radiation  (240,  241)  has  been  used  (juite  sucH^essfully  for  many 
years.  It  may  recjuire  several  weeks  to  obtain  an  effect  with  radiation  therapy 
of  any  sort;  hence  reduction  of  the  blood  volume  by  prior  venesection  is  ad- 
visable at  the  onset.  Excellent  remissions  lasting  from  several  months  to  a  few 
years  have  been  obtained  with  roentgen  therapy.  There  are  no  serious  disad- 
vantages except  for  the  inconvenience  to  the  patient  and  the  frequent  occurrence 
of  radiation  sickness.  Overdosage  may  occur  despite  careful  observation  and 
the  red  count  will  often  continue  to  drop  despite  the  fact  that  therapy  had  been 
discontinued.  The  megakaryocytes  are  most  sensitive  and  thrombocytopenia 
may  persist,  even  after  the  polycythemia  recurs.  Usually  the  hypoplasia  of  the 
marrow  and  the  anemia  that  ensue  are  corrected  rapidly  and  spontaneously. 

Radiation  therapy  in  the  form  of  radioacti\e  phosphorus  is  the  most  .satis- 
factory treatment  for  the  control  of  polycythemia.  Since  the  original  report  by 
Lawrence  in  1940  (245)  numerous  comprehensive  publications  concerning  its 
use  have  appeared  (246-265).  P-"  formerly  protluced  in  the  cyclotron  by  bom- 
bardment of  a  red  phosphorus  target  with  deuterons  is  now  made  in  the  uranium 
pile  by  transformation  of  an  atom  of  sulfur  into  one  of  P^^.  The  isotope  thus 
produced  is  carrier  free  and  has  a  high  specific  activity  lending  itself  to  suc- 
cessful therapeutic  use.  The  half-life  of  P^-  is  14.3  days  and  the  element  emits  a 
fairly  strong  beta  ray  with  a  maximum  energy  of  1.7  MEV.  The  maximum  tissue 
penetration  is  about  8  mm.  with  a  mean  ti.ssue  path  of  about  2  mm. 

Radioactive  phosphorus  when  absorbed  into  the  body  in  polycythemia  vera 
is  initially  concentrated  by  a  factor  of  two  to  three  in  the  nucleoprotein  of  the 
mitotically  active  cells  particularly  in  the  bone  marrow,  liver,  spleen  and  tumors 
(266-268).  The  extent  of  this  initial  concentration  is  dependent  upon  the  total 
exchangeable  phosphorus  in  the  ti.ssue,  the  rate  of  utilization  of  the  phosphorus 
.and  the  rate  of  growth  of  new  tissue  (263).  Eventually,  depending  on  the  turn- 
over rate  of  the  tissues,  the  phosphorus  is  deposited  in  the  large  phosphorus 
pool  of  the  body,  the  calcium  phosphate  of  bone.  This  deposition  of  the  radio- 
active isotope  in  the  bone  spicules  furnishes  additional  radiation  to  the  marrow 
beyond  that  of  the  nucleoprotein.  A  normal  blood  picture  is  achieved  by  the 
myelosuppre.ssion  induced  by  the  beta  rays  of  P''-  on  the  mitotically  active  bone 
marrow  cells.  The  hyperplastic  marrow  returns  to  normal  and  the  marrow  of  the 
shafts  of  the  long  bones  once  again  becomes  normally  fatty.  With  the  proper 
dosage  deleterious  effects  are  avoided  and  the  moibidity  and  mortality  as- 
sociated with  untreated  or  poorly  treated  polycythemia  vera  is  markedly  re- 
duced. Thrombosis  and  hemorrhage  rarely  complicate  the  well  treated  case  of 
erythremia.  Lawrence  has  noted  that  the  patient  with  polycythemia  vera  when 
properly  treated  has  a  nearly  normal  life  expectancy  (150).  Although,  ac- 
cording t*^  the  ideal  criteria  established  by  Hahn  and  Shepard  (244),  the  half- 
life  of  P^'  may  be  too  long  and  localization  poor,  nevertheless  the  successful 
experience  of  20  years  makes  P'*'-  the  method  of  choice  in  th(>  treatment  of  poly- 
cythemia vera  at  this  time. 
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Following  the  intravenous  injection  of  P^'-  about  5  to  25  per  cent  of  the  dose  is 
excreted  during  the  first  few  days  and  al)out  one  per  cent  per  day  is  excreted 
thereafter  (2GG).  Almost  twice  that  amount  is  excreted  following  the  oral  ad- 
ministration of  the  isotope,  and  since  the  absorption  may  be  irregular  intra- 
venous ti-eatment  is  preferred.  Good  results,  however,  have  been  obtained  with 
oral  radiophosphorus  therapy  (265)  in  which  case  larger  amounts  must  be  ad- 
administered. 

Lawrence  (150)  Wasserman  (11)  and  others  (122,  251,  26.3,  265)  have  demon- 
strated the  excellent  results  obtained  in  relief  of  symptoms  and  disappearance  of 
abnormal  physical  signs  in  large  series  of  cases.  Complete  relief  of  the  most 
distin-bing  symptoms  occurred  in  over  75  per  cent  of  the  cases  treated  and  the 
abnormal  physical  findings  disappeared  in  most  of  the  cases.  Figure  8  illustrates 
the  response  of  a  case  given  P^^  initially  followed  by  phlebotomy.  This  patient 
had  a  history  of  polycythemia  for  two  years  during  which  time  she  was  treated 
by  venesections  and  x-irradiation  to  the  long  bones.  Phlebotomies  had  fre- 
quently been  followed  by  circulatory  collapse  and  because  of  her  apprehensive- 
ness,  no  pre-treatment  venesections  were  performed.  Within  one  month  after 
5mc.  P^-  had  been  administered  intravenously  the  packed  cell  volume  had  risen 
precipitously  and  marked  acrocyanosis  with  burning  and  pain  in  the  fingers 
occurred.  Phlebotomy  at  this  time  relieved  these  most  distressing  symptoms 
which  have  not  recurred.  Maximal  response  occurred  in  five  months  with  how- 
ever a  disturbing  persistent  leucopenia  despite  the  initial  high  values  for  the 
white  cells  and  platelets.  The  remission  was  short-lived  lasting  only  a  few  months 
yet  therapy  was  withheld  because  of  the  low  white  cell  level.  After  12  months 
because  of  recuri-ence  of  symptoms,  particularly  headaches  and  dizziness,  an 
additional  5mc.  dose  was  given.  There  was  a  prompt  reduction  in  the  red  cells 
reaching  a  maximum  in  three  months,  again  with  a  marked  thrombopenia  and 
leucopenia  lasting  a  few  months.  This  remission  lasted  over  a  year;  a  subsequent 
dose  of  3mc.  was  tolerated  well  with  only  a  slight  depression  of  the  leukocytes 
and  thrombocytes  although  the  hematologic  remission  was  somewhat  shorter. 

Maintaining  a  patient  in  a  hematologic  remission  will  produce  a  reduction  in 
morbidity  and  mortality.  Patients  are  thus  examined  at  four  to  eight  week 
intervals  and  when  the  count  begins  to  rise  further  therapy  is  administered. 
When  TEM  was  introduced,  some  patients  were  utilized  to  evaluate  the  efficacy 
of  this  new  drug.  As  noted  in  Figure  8  a  course  of  10  mg.  in  four  daily  divided 
doses  of  2.5  mg.  produced  a  temporary  decline  in  the  erythrocytosis  for  about 
five  months,  the  maximum  depression  occurring  a  short  time  befoi'e  this  with 
again  a  leukopenia.  Retreatment  with  the  same  dose  was  ineffective  on  this 
occasion  the  white  cells  remaining  unchanged.  Cautious  increase  to  a  dose  of  5 
mg.  daily  for  two  days  produced  a  slight  remission  that  lasted  only  one  month. 
Because  of  intolerance  to  the  drug  the  patient  refused  the  larger  dose  and  repe- 
tition of  the  course  of  TEM  at  more  fretjuent  inter\-als  was  necessary  to  bring 
the  hemogram  to  normal  values.  The  short-lived  i-emissions,  the  variability  in 
response,  fear  of  over-treatment  as  well  as  under-treatment  and  the  frequency  of 
gastrointestinal  disturbances  with  TEM  limit  its  value  as  a  therapeutic  agent. 
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Fifi.  9.  Resistant  case  of  polycythemia  vera  of  16  years  duration.  Note  lack  of  effective- 
ness of  P"  during  erythrocytic  phase;  TEM  produced  severe  thrombocytojienia  leading  to 
hemorrhage  and  death. 


A  case  difficult  to  control  with  myelosuppressive  therapy  is  illustrated  in 
I'igure  9.  Following  an  11  year  course  during  which  treatment  with  venesection, 
phenylhydrazine  and  x-ray  to  the  long  bones  and  spleen  had  been  unsatis- 
tactoiy,  P-'-  was  administered.  Little  if  any  response  occurred  in  any  of  the 
( cllular  elements  over  a  four  year  period  and  freciuent  venesections  wei'e  per- 
formed to  relieve  the  symptoms.  Subse(|uently  the  hematoci-it  and  platelets  were 
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maintaiiied  at  iioiiual  levels  in  the  face  of  a  rising  white  eount.  This  undoubtedly 
was  the  onset  of  a  decompensated  hemopoietic  state.  Because  of  numerous  symp- 
tomatic complaints  TEM  in  monthly  10  to  20  mg.  doses  was  given  totalling  50 
mg.  in  five  months.  The  marked  fall  in  red  cells  and  platelets  is  apparent.  At  this 
time  the  leukoerythroblastic  blood  picture  previously  found  became  more  pro- 
nounced and  although  marrow  was  difficult  to  obtain  by  aspiration,  an  increase 
in  immature  my(>loid  elements  was  found.  Bone  marrow  biopsy  showed  a  hypo- 
plastic marrow  with  marked  reticulum  cell  hyperplasia,  increase  in  megakaryo- 
cytes and  focal  myelofibrosis.  Severe  bleeding  manifestations  necessitated  fre- 
ciuent  transfusions  but  despite  blood  and  hormonal  therapy  the  patient  died  of  a 
cerebral  hemorrhage.  In  retrospect  it  appears  as  if  the  TEM  precipitated  the 
rapid  downhill  course  which,  if  delayed,  might  have  culminated  in  a  full  blown 
acute  leukemia.  Post  mortem  examination  showed  extensive  reticulum  cell 
hyperplasia  of  the  marrow,  spleen,  liver  and  lymph  nodes  with  megakaryocyti(^ 
infiltration  in  the  organs  and  focal  myelofibrosis,  the  picture  of  a  leukemic 
megakaryocytic  myelosis. 

Reference  to  Figure  10  demonstrates  the  method  of  therapy  employed  in  most 
cases  of  polycythemia  vera.  This  type  case  of  erythremia  has  proven  to  be  an 
ideal  case  for  treatment  with  a  myelosuppressive  agent  (11,  239).  The  excellent 
response  to  small  doses  of  P^'^  may  be  noted.  Following  an  initial  removal  of 
2000  ml.  blood,  3  mc.  P^'  was  injected.  One  month  later  with  a  rise  in  the  red 
cells  and  hematocrit  an  additional  3mc.  P''-  was  administered.  A  response  then 
occurred  promptly  and  over  two  years  elapsed  before  retreatment  with  3mc. 
P^-  was  necessary  due  to  the  recurrence  of  headaches  and  dizziness  and  elevation 
of  the  hematocrit.  A  hematologic  remission  was  maintained  for  over  3  years  and 
splenomegaly  disappeared  on  minimal  doses  of  P^^.  Three  millicuries  aie  now 
used  as  the  initial  dose  followed  in  one  month  by  an  additional  2  to  3mc.  if 
necessary. 

It  appears  fairly  clear  from  statistical  evidence  that  leukemia  in  one  form 
or  another  is  a  naturally  occurring  late  or  terminal  event  in  the  course  of  poly- 
'cythemia.  The  relationship  of  this  development  to  radiation  therapy  has  long 
been  ciuestioned,  however.  That  it  may  occur  in  patients  when  no  radiation 
therapy  has  been  given  has  been  well  documented  (78,  87,  153)  but  it  still  is  not 
clear  whether  the  development  of  the  leukemic  phase  is  accelerated  by  radiation 
therapy.  Unfortunately,  comparable  statistics  are  not  available  for  large  series 
of  cases  treated  with  and  without  radiation  therapy.  The  management  of  pa- 
tients with  this  disease  is  usually  difficult  and  almost  invariably  at  some  time 
during  the  course,  radiation  therapy  in  one  form  or  another,  is  used.  Although 
the  survival  time  of  patients  treated  with  radioactive  phosphorus  is  considerably 
prolonged,  about  13  years  as  compared  with  six  years  in  those  cases  not  so  treated, 
the  occurrence  of  acute  myeloblastic  leukemia  seems  to  be  greater  in  P^-  treated 
cases  as  evidenced  by  its  development  in  1 1  per  cent  of  64  ca.ses  studied  by 
Wasserman  (11). 

A  valid  answer  to  the  relationship  of  the  time  and  occurrence  of  leukemic 
changes  to  radiation  therapy  seems  unlikely  imtil  such  time  as  a  group  of  cases 
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large  enough  to  be  of  statistical  value  is  treated  with  no  radiation  therapy  of 
any  kind  throughout  the  entire  course  of  the  disease. 

Management  of  polycythemia  vera  in  the  anemic  phase  is  rarely  considered 
in  a  discussion  of  therapy  in  this  disease  despite  the  fact  that  this  phase  may 
last  for  several  years.  In  general,  in  the  early  "spent  phase"  no  therapy  of  any 
type  is  required.  Patients  in  this  stage  rarely  have  complaints  and  may  remain 
normal  hematologically  and  clinically  for  a  considerable  time,  the  period  of  so- 
called  remission.  This  phase  actually  is  the  earliest  sign  of  diminished  erythro- 
poietic activity  in  the  marrow  and  is  indicative  of  the  progressive  nature  of  the 
disease.  Ultimately  anemia  becomes  quite  severe  and  transfusions  become  neces- 
sary. Hematinics  such  as  iron  and  vitamins  are  of  no  value. 

The  spleen  often  enlarges  considerably  at  this  time  and  may  produce  a  great 
deal  of  discomfort  by  mechanical  pressure  or  by  splenic  infarction.  X-ray  therapy 
directed  to  the  spleen  has  on  occasion  been  employed  successfully  in  reducing 
the  splenic  mass  and  normalizing  the  blood;  its  routine  use  in  not  to  be  recom- 
mended however  because  of  the  intractable  severe  thrombopenia  that  may  ensue. 
The  advisability  of  splenectomy  is  often  considered  at  this  time  but  the  indi- 
cations must  be  evaluated  carefully  (194,  269-271).  This  question  has  most 
often  been  discussed  with  relation  to  the  enlarged  spleen  observed  in  myeloid 
metaplasia  not  necessarily  preceeded  by  polycythemia.  Although  at  one  time 
the  consen.sus  was  opposed  to  splenectomy  in  this  disea.se,  modification  of  this 
view  has  occurred,  since  in  some  cases  splenectomy  has  been  beneficial.  Cases 
selected  for  removal  of  the  spleen  should  be  restricted  to  those  in  whom  there  is 
evidence  of  a  severe  hemolytic  component  as  well  as  a  thrombopenia.  The 
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dtnelopinent  of  extreme  thrombocythemia  with  multiple  thromboses  is  a  fre- 
quent occurrence  post  splenectomy  in  those  cases  with  preoperative  normal  or 
increased  platelets.  Prior  to  splenectomy  an  intensive  trial  course  of  steroid 
therapy  should  be  given  (271);  a  good  response  is  fairly  good  presumptive  evi- 
dence that  splenectomy  will  be  beneficial.  Steroid  therapy  has  been  found  to  be 
effective,  however,  without  the  need  to  resort  to  splenectomy  (271). 

It  should  be  emphasized  that  despite  comparatively  good  results  in  a  small 
percentage  of  selected  patients  splenectomy  as  a  general  rule  is  not  to  be  recom- 
mended. 

The  frequent  occurrence  of  throml^oses  in  polycythemia  vera  naturally  leads 
to  a  consideration  of  the  therapeutic  use  of  anticoagulants.  In  the  limited  ex- 
perience with  therapy  of  this  type  bleeding  complications  were  encountered. 
The  tendency  to  thrombosis  in  this  disease  certainly  seems  to  be  a  natural  indi- 
cation for  the  use  of  anticoagulant  drugs  but  the  tendency  to  bleed  is  an  ecjually 
strong  contraindication.  In  addition  about  30  per  cent  of  erythremic  patients 
have  a  slightly  prolonged  prothrombin  time  indicative  of  some  liver  dysfunction; 
hence,  there  may  be  a  marked  sensitivity  to  dicumarol  and  similar  drugs  (11,  16). 

Management  of  patients  has  been  so  much  improved  by  the  use  of  radioactive 
phosphorus  in  recent  years  that  the  incidence  of  thrombosis  has  been  considerably 
reduced  (11,  16)  and  the  long  term  use  of  anticoagulants  as  a  prophylactic  meas- 
ure does  not  require  serious  consideration.  When  the  indication  exists  for  anti- 
coagulants, cautious  use  may  be  instituted;  heparin  or  dicumarol,  with  the  former 
preferred,  may  be  administered  but  only  if  protamine  or  vitamin  Ki  oxide  are 
available.  In  the  postoperative  management,  particularly  in  those  selected  cases 
in  the  "spent"  phase  where  splenectomy  is  performed,  serious  consideration 
should  be  given  to  the  use  of  anticoagulant  therapy.  The  thrombocythemia  that 
almost  invariably  follows  splenectomy  in  these  patients  may  be  extreme  and  the 
incidence  of  postoperative  thromboses  is  so  high  that  judicious  use  of  anti- 
coagulants is  justified. 
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GLAUCOMA 


SYLVAN  BLOOMFIELD,  M.D. 
New  York-.  X.  Y. 

CJlaucoina  may  be  dettiied  as  an  ocular  .syndrome  whose  outstanding  charac- 
teristic is  an  abnormally  elevated  intraocular  pressure.  Other  manifestations  of 
the  disease  are  diminution  in  vi.sual  acuity,  characteristic  field  defects,  and  a 
cavernous  type  of  optic  atrophy.  It  has  been  suggested  that  the  abnormally 
high  ocular  tension  may  not  be  the  cause  of  the  progressive  visual  dysfunction 
but  only  an  associated  manifestation  of  the  disease.  Support  for  this  theory  is 
derived  from  the  fact  that  often  there  is  no  exact  correlation  between  the  degree 
of  tension  elevation  and  the  severity  of  the  other  manifestations  of  the  di-sease. 
Furthermore,  in  certain  instances,  lo.ss  of  acuity,  optic  atrophy,  and  field  defects 
may  occur  in  the  absence  of  abnormally  high  tension;  a  condition  referred  to  as 
"low  tension  glaucoma".  However,  there  is  no  doubt  that  in  the  majority  of 
cases,  high  intraocular  pressure  is  followed  by  progressive  visual  deterioration, 
and  that  the  maintenance  of  ocular  tension  within  normal  limits  generally  slows 
or  completely  stops  progre.s.sion  of  visual  dysfunction.  The  specific  aim  of  therapy 
in  glaucoma  is,  therefore,  the  stabilization  of  intraocular  pressure  within  a 
range  that  has  been  clinically  established  as  normal. 

The  pressure  within  the  eye  is  the  result  of  a  complex  homeostatic  equilibrium 
between  the  production  and  outflow  of  aqueous  humor,  and  local  vascular 
hemodynamics;  all  enclosed  by  the  semirigid  sclera  and  cornea.  Most  recent 
studies  indicate  that  the  upper  limit  of  normal  ocular  tension  is  25  mm.  of  mer- 
cury as  measured  on  the  Schiotz  tonometer  (1).  However,  since  some  eyes  may 
suffer  no  injury  from  even  higher  tension  and  others  occasionally  show  deteriora- 
tion in  acuity  and  fields  even  when  the  intraocular  pressure  is  below  this  level, 
the  measurement  of  tension  in  glaucoma  must  always  be  supplemented  by 
examination  of  acuity,  central  fields,  and  the  optic  nerve  head  to  estimate  the 
adequacy  of  therapy  and  the  completeness  of  glaucoma  control.  Once  the  diag- 
nosis of  primary  glaucoma  has  been  established,  such  periodic  ocular  surveys 
become  a  life-long  necessity. 

The  physiologic  mechanisms  whereby  intraocular  pressure  is  normally  main- 
tained within  a  relatively  narrow  range  is  not  clearly  understood,  and  the  pre- 
cise derangement  which  causes  its  abnormal  elevation  is  not  known.  Neverthe- 
less, mounting  experimental  evidence  and  clinical  experience  indicate  that  the 
immediate  cause  of  abnormally  high  intraocular  pressure  is  interference  with  the 
free  outflow  of  aqueous  humor  from  the  anterior  chamber  of  the  eye.  Normally, 
this  fluid  leaves  the  eye  through  the  trabeculae  of  the  angle  of  the  chamber 
which  lead  into  Schlemm's  canal,  and  thence  through  outflow  channels  into 
episcleral  veins  and  the  general  venous  circulation  outside  the  globe.  A  method 
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called  tonography  has  recently  been  developed  with  which  the  rate  of  aciueous 
outflow  of  any  eye  may  be  determined  clinically  (2).  Studies  employing  this 
techni([ue  have  .shown  that  in  most  cases  of  glaucoma,  the  outflow  of  the  aqueous 
is  retarded  in  the  region  of  the  angle  of  the  anterior  chamber.  Gonioscopy  is  a 
method  of  ocular  examination  that  employs  a  contact  lens  to  permit  careful 
examination  of  the  angle  of  the  anterior  chamber  under  magnification  (3).  This 
techni(iue  has  demonstrated  that  primary  glaucoma  in  the  adult  may  be  divided 
into  two  groups.  The  first  classification  is  referred  to  as  narrow  angle  glaucoma 
and  corresponds  to  the  group  previously  called  acute  and  chronic  conge.stive 
glaucoma.  In  these  eyes  the  angle  of  the  anterior  chamber  is  anatomically  so 
Sbcute  that  the  base  of  the  iris  may  readily  be  brought  into  contact  with  the 
trabeculae  of  the  outer  wall  of  the  angle;  thus  closing  in  varying  degree  this 
portal  of  aqueous  outflow.  Such  closure  of  the  angle  may  be  temporary,  and 
between  attacks  egress  of  aqueous  and,  therefore,  ocular  tension  may  be  quite 
normal.  However,  with  repeated  closure  of  the  angle  firm  adhesions  between  the 
base  of  the  iris  and  the  trabeculae  may  form,  and  the  diminishing  patency  of 
the  trabeculae  that  results  causes  a  chronic  state  of  glaucoma  that  eventually 
may  not  be  amenable  to  medical  alleviation.  The  exact  cause  of  the  original 
elevation  of  the  iris  base  onto  the  angle  wall  in  these  cases  is  not  known,  but  the 
immediate  opening  of  the  angle  in  such  instances  is  one  of  the  most  urgent  thera- 
peutic emergencies  in  ophthalmology,  .since  the  acutely  elevated  intraocular 
pressure  that  results  may  cause  rapid  visual  deterioration  unless  immediately 
relieved. 

The  second  category  of  primarj^  glaucoma  comprises  those  cases  which  have 
open  angles.  In  these  eyes  gonioscopy  generally  reveals  an  angle  width  which  is 
sufficiently  ample  so  that  adhesion  of  the  iris  base  to  the  trabeculae  would  re- 
quire an  unlikely  degree  of  forward  movement  of  the  iris  diaphragm.  Neverthe- 
less, in  these  cases,  too,  tonography  generally  indicates  an  inhibition  of  aqueous 
outflow  but  the  exact  site  and  cause  of  this  obstruction  is  as  yet  unknown.  These 
eyes  clinically  correspond  to  those  formerly  classified  as  having  chronic  simple 
glaucoma.  If  the  disease  is  not  controlled  by  treatment,  this  reduction  in  out- 
flow of  aqueous  may  become  more  marked,  with  a  corre.sponding  gradual  rise 
in  ocular  tension  and  increasing  evidence  of  visual  deterioration.  The  progress  of 
glaucoma  in  these  patients  is  generally  slower  than  in  the  narrow  angle  group 
but  the  need  for  adequate  therapy  is  none  the  less  urgent  to  avoid  an  insidious 
but  constant  and  irreversible  lo.ss  of  field  and  acuity. 

To  complete  this  simple  modern  classification  of  glaucoma,  congenital  glau- 
coma may  be  described  as  that  occurring  in  infancy,  and  generally  due  to  mal- 
formation of  the  angle  or  its  ob.struction  by  residual  embryonal  tissue.  In  such 
ca.ses  the  elevated  intraocular  tension  generally  cau.ses  the  relatively  elastic 
infantile  sclera  and  cornea  to  stretch  and  the  result  is  an  abnormally  large  eye 
referred  to  as  buphthalmos.  The  treatment  of  such  eyes  is  generally  surgical. 

Other  cases  of  glaucoma  are  directly  attributable  to  certain  known  pathologi- 
cal conditions  in  the  eye.  Where  such  causes  for  the  abnormally  high  intraocular 
pressure  are  apparent  the  condition  is  called  secondary  glaucoma.  The  treatment 
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of  .such  eyes  basically  is  that  of  the  primary  disease,  with  the  secondary  applica- 
tion of  standard  antiglaucomatous  procedures  as  indicated. 

From  the  earliest  days  of  modern  ophthalmology,  the  mainstay  of  the  medical 
treatment  of  glaucoma  has  been  the  topical  administration  of  miotics.  The 
rationale  for  this  therapy  was  purelj'  empirical  until  the  development  of  gonios- 
copy  revealed  the  anatomy  and  probable  mechanical  role  of  the  angle  in  pro- 
viding an  outlet  for  aqueous  humor.  It  can  now  be  readily  visualized  how  the 
production  of  miosis  by  pulling  the  iris  base  centrally  toward  the  pupil  tends 
to  open  the  angle  and  facilitate  the  flow  of  acjueous  through  the  trabeculae. 
Secondary  hypotonic  effects  have  been  attributed  to  actions  of  miotics  in  con- 
tracting the  ciliary  muscle  and  so  pulling  on  the  scleral  spur  to  open  Schlemm's 
canal;  in  opening  venous  channels  in  the  choroid;  and  in  dilating  vessels  and 
crypts  in  the  iris  to  facilitate  aqueous  absorption  through  that  tissue. 

The  principal  miotic  drugs  u.sed  in  the  eye  are  parasympathomimetic  in  action 
and  may  be  classified  into  acetylcholine-like  and  anticholinesterase  groups  (4). 
The  acetylcholine-like  drugs  have  a  direct  muscarinic  effect  on  the  structures 
enervated  by  post -ganglionic  parasympathetic  nerves.  In  this  group  may  be 
included  pilocarpine,  methacholine  or  Mecholyl*,  and  carbacol,  though  the  latter 
may  also  have  some  anticholinesterase  activity. 

Pilocarpine  is  by  far  the  most  commonly  employed  topical  medication  in  the 
treatment  of  glaucoma.  Its  value  lies  in  the  fact  that  while  it  produces  choline- 
like  effects  directly  on  the  effector  cells,  it  is  not  actually  a  choline  derivative 
and  hence  is  not  inactivated  by  the  cholinesterase  of  the  surrounding  media.  In 
proper  do.sage  it  produces  a  prolonged  effect,  usually  lasting  about  six  hours. 
The  frequency  with  which  pilocarpine  should  be  administered,  and  its  effective- 
ness, must  be  determined  individually  for  each  patient.  An  obstacle  to  its  use 
sometimes  encountered  is  a  local  sensitivity  of  the  conjunctivae  or  lids  to  the 
drug.  A  change  in  the  salt  of  the  drug  and  careful  buffering  of  its  hydrogen-ion 
concentration  have  been  found  to  overcome  this  difficulty  in  most  instances. 

Mecholyl®  or  methacholine  chloride,  like  acetylcholine  itself  is  not  very  satis- 
factory since  it  is  very  unstable  and  its  effect  is  brief.  However,  in  20  per  cent 
solution  together  with  the  anticholinesterase  prostigmine,  it  has  a  useful  func- 
tion where  pilocarpine  may  prove  ineffective.  Carbacol,  also  known  as  doryl  or 
carcholin,  is  a  satisfactory  agent  where  pilocarpine  cannot  be  used  either  be- 
cause of  sensitivity  of  the  patient,  or  the  development  of  tolerance.  It  is  gener- 
ally administered  in  ^4  or  13-2  per  cent  solution  in  1  ;3000  benzalkonium  chloride 
which  facilitates  its  absorption  through  the  cornea. 

The  anticholinesterase  drugs  are  effecti^-e  miotics  because  they  destroy  the 
natural  cholinesterase  present  at  paras\'mpathetic  nerve  endings.  In  so  doing, 
they  permit  the  acetylcholine  normally  present  at  these  sites  to  act  powerfully 
and  for  long  periods  before  being  destroyed  by  reformed  cholinesterase.  The 
most  commonly  employed  anticholinesterase  drugs  are  cserine  or  physostig- 
mine,  neostigmine  or  prostigmine,  and  diisopropylfluorophosphate  or  Floropryl®. 

Eserine®  w'as  the  first  miotic  employed  locally  in  the  eye  to  reduce  the  tension 
of  glaucoma  and  it  is  still  widely  used  for  that  purpose.  However,  it  produces 
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such  intense  miosis  and  ciliary  spasm  that  it  may  he  paint'ui,  and  it  occasionally 
causes  inflammatory  reactions  such  as  a  transient  iritis.  It  is  therefore  generally 
used  only  In'iefly  where  a  rapid  reduction  in  ocular  tension  is  desired,  or  in  very 
dilute  solutions  as  an  adjuvant  to  pilocarpine  therapy.  Sensitivity  reactions  are 
common  and  its  prolonged  use  is  generally  not  advisable. 

Neostigmine  or  prostigmine  is  similar  to  eserine  in  action  but  somewhat  less 
intense  in  degree.  It  is  useful  as  a  synergist  with  choline-like  drugs,  particularly 
mecholyl  whose  action  it  prolongs  and  supplements.  Diisopropylfluf)rophosphate 
or  Floropryl-  produces  intense  ciliary  spasm  and  miosis  that  may  last  for  days. 
Its  severe  parasympathomimetic  effects  result  from  its  complete  and  irreversible 
inactivation  of  cholinesterase.  The  intense  spasm  of  accommodation  it  causes 
may  result  in  blurred  vision  for  prolonged  periods  so  that  its  use  is  generally  re- 
stricted to  aphakic  eyes.  Retinal  detachment  has  been  attributed  to  the  severe 
ciliary  spasm  it  induces,  and  its  intense  vasodilating  effect  on  intraocular  struc- 
tures may  occasionally  aggravate  an  acute  congestive  glaucoma.  Consequently, 
it  is  used  only  in  a  dilute  concentration  of  0.1  per  cent;  generally  for  short  periods, 
and  with  caution. 

Sympathomimetic  drugs  have  been  employed  locally  in  the  eye  to  reduce 
tension  for  many  years.  However,  their  effects  are  extremely  variable,  and 
generally  undependable.  Tonographic  studies  have  shown  that  they  do  have  an 
inhibiting  effect  on  the  formation  of  aqueous  humor  (5),  and  a  recent  revival  of 
interest  in  such  therapy  has  occurred.  The  topical  administration  of  1  per  cent 
to  4  per  cent  epinephrine  bitartrate  has  been  advocated  for  this  purpose,  as  has 
0.5  per  cent  isoproterenol  or  Lsuprel.  A  secondary  effect  of  these  drugs  that  may 
be  beneficial  is  that  of  vasoconstriction.  However,  they  exert  a  mydriatic  effect 
which  may  interfere  with  acjueous  drainage  and  they  are  generally  administered, 
therefore,  in  conjunction  with  a  miotic  drug  such  as  pilocarpine. 

Probably  the  most  promising  recent  advance  in  the  treatment  of  glaucoma 
has  been  the  development  of  the  carbonic  anhydrase  inhibitors.  One  of  the  most 
perplexing  problems  in  ophthalmology  has  been  the  method  of  formation  of  the 
aqueous  humor.  Based  on  an  accumulation  of  experimental  evidence  Frieden- 
wald  (6)  suggested  that  the  fundamental  process  involved  an  electrolytic  ex- 
change in  the  ciliary  epithelium.  Subseciuent  investigations,  particularly  by 
Kinsey  (7)  supported  this  theory  and  showed  that  in  this  process  high  concen- 
trations of  bicarbonate  ion  occurred  in  the  afiueous.  This  seemed  to  result  from 
the  activity  of  the  enzyme  carbonic  anhydrase  known  to  be  present  in  the  ciliary 
processes.  The  formation  of  bicarbonate  ion  thus  seemed  to  play  some  important 
role  in  the  production  of  the  acjueous  humor. 

With  the  discovery  of  carbonic  anhydrase  inhibitors  it  became  evident  to 
many  investigators  that  a  means  was  provided  to  reduce  the  activity  of  carbonic 
anhydrase  and  so  possibly  to  interfere  with  the  process  of  aqueous  formation. 
The  systemic  administration  of  carbonic  anhydrase  inhibitors  has  proven  this 
hypothesis  to  be  correct  and  numerous  tonographic  and  fluorometric  studies 
have  attested  to  the  reduction  in  acjueous  formation  that  results. 

The  first  and  most  commonly  employed  drug  of  this  group  is  acetazolainide 
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or  Diamox*  (8,  9).  It  is  eiy('cti\  ('  only  l)y  systemic  admiiiisti-ation  either  orally  or 
intravenously.  The  dose  required  to  lower  the  tension  in  <!;laucoma  varies  with 
the  individual  and  must  he  empirically  determined.  It  is  most  effective  when 
administered  in  conjunction  with  local  miotic  therapy  and  it  may  be  potentiated 
by  the  simultaneous  administration  of  potassium  bicarbonate  (10).  The  efficacy 
of  Diamox®  therapy  must  be  carefully  followed  since  tolerance  may  rapidly  de- 
velop. In  narrow  angle  glaucoma  its  prolonged  use  is  generally  inadvisable  since 
its  hypotensive  effect  may  mask  progressive  mechanical  closure  of  the  angle 
and  render  later  surgical  correction  more  difficult. 

More  recently  another  drug  of  this  group  has  been  introduced,  called  ethoxzola- 
mide  or  Cardrase®  (11).  It  is  similarly  administered  but  seems  to  be  effective  in 
approximately  half  the  dose  of  Diamox®.  Consequently  the  incidence  of  such 
common  side  effects  as  parasthesias,  anorexia,  and  nausea  may  be  reduced  when 
the  newer  drug  is  employed. 

Although  our  growing  knowledge  of  intraocular  physiology  has  led  to  a  better 
understanding  of  some  prol^lems  in  glaucoma,  and  newer  drugs  have  led  to  more 
effective  medical  therapy,  the  adequacy  of  any  therapeutic  regime  still  requires 
constant  appraisal  through  periodic  re-examinations.  Tests  of  tension,  acuity, 
fields,  and  fundi  are  necessary  to  evaluate  the  degree  of  control,  and  if  any 
evidence  of  visual  dysfunction  develops,  a  change  in  treatment  becomes  neces- 
sary. When  the  medical  armamentorium  has  been  fully  tried  and  proven  inef- 
fective, surgery  must  be  resorted  to  without  delay  since  visual  deterioration  is 
inevitable  and  irreversible  if  the  glaucomatous  process  is  uncontrolled.  The 
surgery  of  glaucoma  is  not  the  subject  of  this  discussion  but  it  should  be  noted 
that  following  operation  control  of  glaucoma  may  still  require  supplementary 
medical  treatment,  and  constant  surveillance  of  the  patient  is  still  a  life-long 
necessity. 

No  review  of  therapy  in  glaucoma  is  complete  without  some  consideration  of 
the  glaucoma  patient  as  a  whole.  Glaucoma  is  generally  considered  to  be  one 
of  those  diseases  in  which  psychic  disturbance  may  play  an  important  role.  It 
is  a  common  clinical  experience  that  the  condition  may  be  aggravated  by  psycho- 
logical factors.  Accordingly,  patients  with  glaucoma  require  the  careful  psycho- 
somatic approach  employed  in  the  treatment  of  such  diseases  as  vascular  hyper- 
tension or  peptic  ulcer;  and  the  general  hygienic  care  necessary  for  all  chronically 
ill  patients.  In  the  treatment  of  the  glaucomatous  eye,  the  care  of  the  patient 
and  his  relationship  to  his  environment  must  not  be  overlooked. 
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SEPARATION  FROM  A  LOVE  OBJECT  AS  AN  ETIOLOGICAL 
FACTOR  IN  FUNCTIONAL  UTERINE  BLEEDING* 


MARCEL  HEIMAX,  M  I). 

New  York,  N.  Y. 

On  a  recent  visit  to  Israel  I  passed  near  the  very  locale  where,  according  to 
the  Bible,  the  first  recorded  cure  of  functional  uterine  bleeding  took  place.  This 
was  near  the  Sea  of  Galilee  and  is  described  thus  in  the  Gospel  of  St.  Mark 
(Chapter  V,  25-29) : 

"And  a  certain  woman,  w  hich  had  an  issue  of  blood  twelve  years, 

"And  had  suffered  many  things  of  many  physicians,  and  had  spent  all  that 

she  had,  and  was  nothing  bettered,  but  rather  grew  worse, 

"When  she  had  heard  of  Jesus,  came  in  the  press  behind,  and  touched  his 

garment : 

"For  she  said,  If  I  may  touch  but  his  clothes,  I  shall  be  whole. 

"And  straightway  the  fountain  of  her  blood  was  dried  up;  and  she  felt  in  her 

body  that  she  was  healed  of  that  plague." 

This  historic  cjuotation  is  an  apt  introduction  to  my  paper.  The  woman's 
simple  words,  "If  I  may  touch  but  his  clothes,  I  shall  be  whole,"  state  the  es- 
sence of  a  modern  psychosomatic  concept.  After  twelve  years  of  bleeding,  touch- 
ing another  Person  accomplished  what,  at  that  time,  could  only  be  considered 
a  miracle. 

What  is  there  in  touching  that  is  so  powerful?  When  two  people  touch  each 
other  they  establish  that  they  are  together,  that  they  are  not  separated.  This 
can  easily  be  seen  if  you  watch  two  people  meet  after  they  have  been  separated 
for  a  long  time.  After  they  have  looked  at  and  emliraced  each  other,  one  will 
touch  and  feel  the  body  of  the  other  to  obtain  this  feeling  of  togetherness.  To 
understand  what  happened  when  the  woman  touched  Jesus  we  must  go  as  far 
back  in  the  life  of  the  indi\  idual  as  history  takes  us  at  the  Sea  of  Galilee. 

Life  begins  as  a  physical  separation  of  two  bodies  which  were  joined  together. 
In  the  course  of  growing  up  we  experience  many  separations,  some  of  a  purely 
psychological  nature.  Careful  observations  in  recent  years  have  shown  us  that 
during  the  first  years  of  life  the  child-parent  relationship  has  a  profound  impact 
upon  the  later  life  of  a  person.  These  observations  throw  light  upon  the  process 
by  which  the  growing  infant  gradually  becomes  aware  that  he  is  a  .separately 
functioning  organism,  no  longer  part  of  his  mother,  but  apart  from  her.  To 
mature  into  a  healthy  individual,  the  various  separations  should  take  place 
neither  too  early  nor  too  late.  Too  often  the  child  experiences  a  traumatic  sepa- 
ration because  of  the  death  of  a  parent,  hospitalization  of  child  or  mother,  or, 
at  times,  the  withdrawal  of  affection,  as  when  the  mother  becomes  severely  de- 

From  the  Departments  of  Psychiatry,  and  Obstetrics  and  Gynecology,  The  Mount  Sinai 
Hospital,  New  York,  N.  Y. 

*  Read  in  part  before  the  Fourth  Annual  Meeting  of  the  .\cademy  of  Psychosomatic 
Medicine,  Chicago,  Illinois,  October  18,  1957. 
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pressed  and  neglects  the  child.  Such  traumatic  experiences  in  infancy  and  child- 
hood have  a  lasting  efl'ect.  They  may  cause  emotional  or  physical  distui'haiices, 
or  both,  in  later  life. 

The  first  case,  in  the  literature,  of  functional  uterine  Ijleetling  in  which  psycho- 
logical causes  were  suspected  takes  us  back  more  than  fifty  years.  It  was  at  the 
turn  of  the  century,  when  a  young  girl,  following  an  exciting  sexual  experience, 
bled  continuously  for  five  years.  She  was  successfully  treated  by  suggestive 
therapy.  During  the  following  six  years  she  experienced  the  death  of  her  fiancee 
and  the  death  of  her  brother,  three  years  apart.  She  responded  to  the  first  with 
a  renewed  bout  of  bleeding,  to  the  second  with  a  severe  depression.  I  think  this 
case  gives  us  an  introductory  clue  to  the  psychological  mechanisms  in  certain 
cases  of  functional  uterine  bleeding. 

While  all  of  us  are  familiar  with  a  depression  following  the  death  of  a  loved 
one,  uterine  bleeding  as  a  reaction  to  the  loss  of  a  person  seems  strange  and  un- 
familiar to  most  of  us.  Yet,  it  is  my  observation  and  it  is  the  thesis  of  this  paper 
that  in  certain  women  sensitive  to  it, — perhaps  on  account  of  early  life  experiences 
— the  loss  of  a  person  close  to  them,  either  through  death  or  by  separation,  may  pre- 
cipitate uterine  bleeding. 

Death,  however,  is  only  one  of  the  ways  in  which  we  lose  a  person.  Someone 
close  may  take  a  trip  or  move  to  another  part  of  the  country;  a  mother  loses 
her  child  through  marriage,  a  wife  might  lose  her  husband  through  divorce. 
Each  of  theses  is  an  instance  of  separation. 

I  certainly  do  not  intend  to  say  that  every  uterine  bleeding  where  no  gross 
lesion  is  found  is  what  I  have  called  "separation  bleeding."  As  a  matter  of  fact, 
there  are  a  variety  of  emotional  stress  situations  which  have  been  found  to  1)6 
associated  with  uterine  bleeding, — for  example  severe  shock  or  fright.  I  dis- 
tinguish "separation  bleeding"  from  bleeding  due  to  other  emotional  causes  be- 
cause it  seems  more  specific,  we  have  some  understanding  of  its  psychodynamics, 
and  this  understanding  shows  us  a  way  to  a  rational  therapeutic  approach. 

We  have  good  reason  to  assume  that  at  least  some  instances  of  uterine  bleed- 
ing resulting  from  an  emotional  stress  situation  do  not  fall  into  the  category  of 
psychogenically  influenced  hormonal  uterine  bleeding.  One  reason  is  that  uterine 
bleeding  may  follow  emotional  shock  within  such  a  short  span  of  time  (sometimes 
only  a  half  hour  to  an  hour  later)  that  it  cannot  be  explained  on  the  basis  of 
withdrawal  bleeding. 

Stieve  (1)  collected  a  convincing  number  of  clinical  cases,  with  supporting 
anatomical  evidence,  showing  that  no  ripe  follicles  were  present  in  the  ovaries 
of  his  patients  and  that  the  bleeding  issued  from  an  atrophic  endometrium.  He 
called  such  uterine  bleeding  "Schreckblutungen"  (fright-bleeding).  Stieve  has  a 
predecessor  in  Tilt  (2),  an  English  gynecologist,  who  in  the  year  1851  had  the 
following  to  say:  "Menstruation  and  ovulation  are  parallel  facts,  originating  in 
the  same  organ,  and  hereafter  it  may  be  shown  that  they  stand  related  as  cause 
and  effect;  but  this  is  not  yet  proved,  and  we  defy  the  staunchest  supporters  of 
the  ovular  theory  to  explain  .  .  .  why  in  Mrs.  M.  who  had  begun  to  menstruate 
12  hours  before  her  execution  "no  appearance  of  recent  rupture  of  a  vessicle,  or 
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of  the  discharge  of  an  ovum,  could  he  ftnmd  in  either  ovary'  (on  the  post  mortem 
examination)."  Stieve's  anatomical  material,  like  Tilt's  case,  consisted  of  exe- 
cuted prisoners. 

Based  on  these  observations  we  may  state  that  emotional  stimuli  may  bring 
about  functional  uterine  bleeding  either  via  the  hypothalamic-pituitary-adrenal- 
ovarian  pathway,  i.e.,  via  the  hormones,  or,  such  stimuli — if  intense  enough — 
may  hnd  their  target  organ,  the  endometrial  vessels,  directly  via  the  autonomic 
nervous  system.  We  do  well  to  think  of  a  combination  of  both  bringing  about 
such  bleeding,  for  instance  the  lilieration  of  corticosteroids  or  other  hormones 
due  to  stress.* 

Whatever  the  pathways  by  which  psychological  impulses  find  their  expres- 
sion, the  psychological  settings  in  which  they  occur  needs  to  be  examined  more 
closely.  Loss  of  a  person  or  separation  from  a  person,  actual,  anticipated  or 
imagined,  constitutes  one  of  the  most  important  psychological  factors  bringing 
about  or  precipitating  uterine  bleeding.  It  is  well  to  remember  at  this  point  that 
"loss  of  a  person"  means,  at  times,  loss  of  the  love  or  affection  of  a  person. 
Whether  or  not  such  psychological  factors  are  the  causative  agents,  they  represent 
the  setting  in  which  the  uterine  bleeding  takes  place. 

In  a  recent  study  by  Schmale,  Jr.  (3),  on  the  relationship  of  separation  and 
depression  to  disease,  the  author  examined  an  unselected  group  of  42  hospitalized 
medical  patients  with  the  aim  of  determining  separation  or  object  loss  preceding 
the  hospitalization.  Seventy-four  per  cent  of  the  patients  developed  the  onset  of 
their  disease  within  one  week  after  such  change  in  object  relationship. 

In  my  own  study  of  28  women  with  functional  uterine  bleeding  (ol)served  on 
the  Ciynecological  Ward  at  The  Mount  Sinai  Hospital)  I  found  that  in  about 
73%  of  the  cases  such  separation  or  loss  preceded  the  onset  of  bleeding. 

It  is  in  the  nature  of  the  subtle  and  intricate  relationship  between  two  people 
that  there  is  a  reaction  not  only  to  the  actual  loss  of  a  love  object  but,  at  times, 
to  the  loss  of  the  love  of  the  person.  Thus,  among  the  instances  observed,  one 
finds  alienation  of  affection  at  one  end  of  the  range  and  a  death  at  the  other 
end. 

Below  is  a  table  showing  the  various  situations  found  in  studying  54  cases  in 
the  literature  plus  28  cases  I  observed.  Some  of  the  instances  occurred  more 
than  once. 


Disappointment  in  men 
Alienation  from  husband 
Husband  unfaithful 
Son  left  for  service 
Son  married 

Son  withdrew  affection  after  his  marriage 
Deserted  by  lover 
Deserted  by  husband 
Husband  asking  for  divorce 


Dispossessed 

Leaving  native  city  (and  mother) 
Fear  of  impending  death 
Fear  of  bombing 
Following  miscarriage 
Following  Caesarian  section 
Following  breast  disease 
Hopelessness  about  life's  problems 
Death  of  fiance 


*  A  paper  presenting  a  hypothesis  regarding  the  mechanism  by  which  emotions  influence 
the  reproductive  organs  and/or  functions  via  hypothalamic-pituitary  pathways  is  in  the 
process  of  being  published  (Fertility  and  Sterility,  Jan. -Feb.  1959). 
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Death  of  inol  her  in  law  and  scpa  rat  eel  lioni 
husband 

Son  tried  to  choke  patient  to  death 
Obsessive  thoughts  of  killing  own  child 
Attempt  to  kill  baby 

Following  the  death  of  a  person,  grief  is  normal.  We  inonrn  the  death  of  a 
beloved  person  and  consider  the  process  of  mourning  healthy  because  it  permits 
us,  eventually,  to  accept  the  loss.  When  the  mourning  does  not  resolve  but  be- 
comes deeper,  then  grief  can  become  depression,  and  mourning — melancholia. 
There  are  instances  when  the  loss  of  a  person  cannot  be  acknowledged.  Not  only 
the  loss  is  denied  but  the  accompanying  psychological  reaction  too.  In  such 
instances  we  suspect  a  hidden  depression. 

Take  the  case  of  a  woman  who  was  informed,  during  World  War  II,  that  her 
son  was  missing  in  action.  Like  so  many  other  women,  she  hoped  he  would  turn 
up  as  a  prisoner  of  war.  When  in  due  time  she  received  a  letter  stating  that  her 
son  must  finally  be  considered  dead,  she  could  not  accept  this  but  wrote  a 
number  of  letters  to  Washington.  To  each  of  these  she  received  a  tactful  answer. 
After  her  twelfth  letter  she  received  no  further  answers  and  it  was  then  that 
she  started  bleeding.  This  patient  had  denied  the  death  of  her  son  and  had  tried 
to  keep  him  alive  through  the  correspondence.  When  she  no  longer  received  any 
answers  and  would  have  been  forced  to  acknowledge  his  death,  another  mecha- 
nism set  in  taking  the  place  of  the  previous  one  which  was  denial.  This  new 
mechanism  is  the  very  one  which  concerns  us  here.  It  permits  us  to  consider 
functional  uterine  bleeding,  in  such  instances,  a  psychosomatic  condition.  Ac- 
knowledgement of  her  son's  death  would  have  lead  this  woman  to  grieve  and 
mourn  and  weep  but  there  was  a  shift  in  her  reaction,  a  shift  from  the  psychologic 
to  the  somatic.  In  this  instance  this  woman's  bleeding  takes  the  place  of  mourn- 
ing and  still  permits  her  a  denial.*  However  this  time  she  does  not  deny  the 
death,  she  denies  her  reaction  to  the  death.  The  uterus  becomes  the  executive 
organ:  The  uterus  expresses  the  grief  by  bleeding  just  as  in  the  usual  psychologi- 
cal reaction  the  eye  expresses  grief  by  weeping.  The  bleeding  represents  the 
somatic  equivalent  of  the  psychologic  reaction, — grieving.  You  may  recall  the 
saying  that  in  a  woman  who  wants  a  baby,  menstruation  is  "the  weeping  of  the 
disappointed  womb."  In  association  to  this,  I  have  called  "separation  bleeding," 
"the  weeping  of  the  mourning  womb." 

The  uterus  is  not  the  only  organ  that  can  be  used  as  a  somatic  equivalent  to 
express  grief  or  the  mood  of  depression.  There  have  been  observations  which 
indicate  that  other  organs  may  take  over  the  function  of  grieving.  Kepecs  and 
his  co-workers  (6)  found  that  "weeping"  eczema  stopped  when  the  patient  was 
able  to  cry  in  the  course  of  therapy.  In  a  study  of  five  women  with  atopic  derma- 
titis Kepecs  found  that  "actual  weeping,  and  more  important,  inhibited  weeping, 

*  Why  some  women  employ  the  mechanism  of  denial  when  they  experience  death  or  sepa- 
ration has  to  do  with  the  psychological  aspects  of  depression.  I  have  dealt  with  this,  in 
detail,  in  previous  publications  (4,  5)  and  shall  not  go  into  these  here. 


Death  of  husl)arui 
Death  of  sister 
Death  of  son 
Death  of  father 

Death  of  boy  to  whom  patient  was  attached 
Death  of  mother 
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...  is  a  pi'oininoiit  .symptom  in  ...  these  patients.  .  .  .  All  five  women  wept 
considerably  and  spontaneously  under  hypnosis.  .  .  ."  Kepecs  made  an  observa- 
tion which  parallels  my  own,  namely,  that  "the  most  charade ristic  situations  giv- 
ing rise  to  weeping  were  those  in  which  a  strong  desire  to  be  reunited  with  a  mother 
figure  was  expressed."  One  woman  under  hypnosis  did  not  just  cry,  but  bawled 
in  a  loud,  childish  manner  saying,  "I  never  cry.  I  feel  sorry  for  myself.  I  want 
to  cry,  but  I  can't."  "I  would  like  to  be  in  mother's  arms,  I  want  to  feel  wanted." 
When  she  is  able  to  go  home,  she  lies  in  her  mother's  arms.  There  "she  relaxes 
and  feels  like  crying." 

These  authors  concluded  that  "weeping  expre.ssed  a  desire  to  overcome  sepa- 
ration from  a  loved  object,  basically  the  mother,"  that  the  weeping  was  sup- 
pressed, and  that  the  skin  condition  was  an  expre.s.sion  of  the  suppressed  weeping. 

To  return  again  to  my  observations:  Take  the  numerous  instances  in  which  a 
woman  is  separated  from  a  love  object.  Her  husband  leaves  her,  or  she  leaves 
him.  Her  son  or  daughter  marries;  or  she  moves  away  from  her  mother,  perhaps 
following  her  husband  to  a  distant  place.  The  woman  who  has  moved  away  from 
her  mother  cannot  admit  to  herself  that  she  feels  as  if  her  mother  has  died,  but 
her  reaction  is  as  severe.  A  psychological  mechanism  sets  in  by  which  she  denies 
any  reaction  whatsoever, — instead  she  bleeds. 

I  saw  a  36  year  old  woman  who  was  admitted  to  the  hospital  with  a  history 
of  abnormal  vaginal  bleeding  of  11  years  duration.  Hysterogram  and  dilatation 
and  curettement  were  negative.  She  started  bleeding  on  the  very  night  her 
husband  lirought  her  to  New  York  from  Georgia  where  she  had  been  living  with 
her  mother.  Mother  and  daughter  (an  only  child)  were  devoted  to  each  other 
and  the  patient  felt  she  couldn't  live  without  her  mother.  While  in  New  York 
she  sometimes  dreamt  that  she  was  back  with  her  mother.  Even  as  she  was  re- 
lating to  me  how  she  awoke  and,  looking  around,  found  herself  alone,  she  began 
weeping.  She  admits  that  she  does  not  want  to  be  sad,  but  sometimes,  when  she 
wants  to  be  with  her  mother,  she  feels  very  blue.  We  can  see,  here,  the  patient's 
need  for  denial  and  how  she  immediately  starts  weeping  when  this  mechanism 
is  no  longer  effective. 

In  connection  with  this  patient's  need  for  closeness  with  her  mother,  a  need 
many  of  the  women  obser\  ed  had  in  common,  I  return  to  my  earlier  remarks  on 
the  importance  of  a  feeling  of  togetherness  as  contrasted  to  separation.  This 
fear  of  separation  and  wish  to  be  reunited  with  mother  is  dramatically  illustrated 
in  the  case  of  a  private  patient  at  The  Mount  Sinai  Hospital  admitted  for  uterine 
bleeding.  Her  mother  had  moved  in  with  her  and  slept  in  the  same  room  with 
the  patient.  One  week-end  I  informed  her  that  she  would  have  to  continue  her 
treatment  by  moving  out  of  the  hospital  and  coming  to  my  office.  She  promptly 
started  bleeding  that  same  night.  She  was  depressed  and  vomited.  This  was  how 
she  expressed  her  need  for  physical  contact:  She  said  she  was  very  glad  that  she 
had  remained  in  the  hospital  because  neither  I  nor  any  other  analyst  could  have 
come  "to  hold  my  hand,"  if  such  a  bleeding  had  occurred  while  she  was  alone 
in  the  hotel  where  she  lived. 

Many  of  the.se  women  are  infantile  and  react  to  a  separation  from  mother 
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with  iitrriiic  l)lc('(liii^  in  iniicli  the  same  way  that  a  hahy  starts  crying  when 
left  by  mother.  We  may  assume  that  at  a  certain  stage  of  liis  development  the 
infant  experienced  being  left  l)y  mother  as  if  the  mother  had  died.  I  want  to 
emphasize  that  this  is  by  no  means  an  aiiecdotical  comment  but  constitutes  an 
important  aspect  of  the  psychic  difficuUy  we  assume  to  be  present  in  such  pa- 
tients. 

My  search  for  some  factors  responsible  for  such  reactions  as  uterine  bleeding 
following  separation  was  facilitated  by  the  oportunity  to  have  two  patients  in 
analysis  who  had  uterine  bleeding  as  one  of  their  symptoms.*  One  of  them  had 
been  in  a  imrsing  home  for  the  first  half  year  of  her  life  and  thus  separated  from 
her  parents.  The  other  patient's  father  committed  suicide,  in  her  presence,  when 
she  was  a  child.  I  mentioned  earlier  the  patient  who  developed  functional  bleed- 
ing after  moving  to  New  York  with  her  husband.  Her  father  had  left  the  home 
when  she  was  a  baby. 

My  observation  of  these  patients  indicates  that  the  loss  of,  or  separation  from, 
a  parental  figure  in  early  life  could  be  responsible  for  their  later  reactions.  This 
seems  to  be  confirmed  by  the  work  of  others.  If  we  assume  that  separation  bleed- 
ing is  a  reaction  in  adult  life  comparable  to  the  grief  reaction  to  the  loss  of  a 
person  in  childhood,  therapeutic  measures  should  be  in  line  with  un-doing  the 
separation.  This  could  be  done  (a)  by  uniting  those  who  have  been  separated, 
or  (b)  replacing  the  lost  object  (perhaps  through  a  pet),  or  (c)  in  a  physician 
patient  relation.ship  of  a  supportive  nature  which,  without  "holding  hands," 
gives  the  patient  the  desired  contact  with  a  parent  substitute. 

SUMMARY 

Functional  uterine  bleeding  may  be  caused  or  precipitated  by  emotional  stress 
situations.  In  this  paper  particular  attention  is  directed  towards  one  such  stress 
situation:  Loss  of  or  separation  from  a  love  object.  These  women  are  apt  to 
deny  the  loss  or  their  reaction  of  grief  and  depression  to  the  loss. 

Because  of  the  fref}uency  with  which  I  could  observe  this  kind  of  bleeding  and 
the  psychological  specificity  which  I  postulated,  I  call  this  bleeding  "separation 
bleeding."  Such  "separation  bleeding"  is  the  somatic  equivalent  to  the  psycho- 
logical reaction  of  grief  and  depression.  Thus  "separation  bleeding"  may  be 
thought  of  as  "the  weeping  of  the  mourning  womb." 

The  therapeutic  approach  based  on  acceptance  of  this  idea  is  in  the  direction 
of  uniting  the  patient  with  the  lost  love  object  or  finding  an  adecjuate  substitute. 
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V.  A  Three-dimensional  Statistical  Technique:  Its 
Application  to  the  Ventricular  Gradient 

LOUIS  BRINBERG,  L.R.C.F.,  Ed. 
New  York,  N.  Y. 

We  have  described  a  method  of  determining  the  spherical  coordinates  of  spa- 
tial forces  (1-4).  If  a  large  series  of  normal  gradients  is  so  determined,  a 
standard  will  be  available  against  which  the  gradients  of  other  individuals  may 
be  evaluated.  We  shall  deal  now  with  a  method  by  which  such  comparison  can 
be  made  and  shall  accordingly  define  the  following  problem:  given  a  group  of 
spatial  forces,  the  gradients  of  normal  subjects,  determine  the  probability  that 
the  gradient  of  an  unknown  individual  belongs  to  that  group,  i.e.,  is  normal. 
As  this  is  a  routine  procedure  when  the  standard  deviation  (S.D.)  is  known,  the 
problem  may  be  presented  in  another  form:  determine  the  standard  deviation 
of  the  ventricular  gradient  in  a  group  of  normal  subjects. 

We  are  concerned,  note,  with  the  standard  deviation  of  the  gradient,  and 
not  with  those  of  its  coordinates.  As  the  distinction  is  fundamental  to  our  prob- 
lem, it  shall  be  illustrated  by  an  example.  In  a  recent  study  of  49  normal  sub- 
jects (4),  the  mean  spherical  coordinates  of  the  gradient  were  found  to  be  54 
microvolt-seconds,  23°,  and  38°  (magnitude,  azimuth,  and  elevation).  The  S.D. 
of  magnitude  was  calculated,  and  the  histogram  of  Fig.  la  drawn.  We  could 
have  then  determined  the  S.D. 's  of  azimuth  and  elevation,  respectively.  Instead, 
these  two  coordinates  were  replaced  by  the  single  term,  axis,  and  the  S.D.  of  the 
axis  determined  on  a  sphere.  In  Fig.  2,  reproduced  from  this  study,  the  star  is 
at  the  mean  axis,  and  the  circles  centered  on  it  have  radii  of  1,  2,  and  3  S.D.'s, 
respectively.  The  distribution  of  axis  in  S.D.  units  is  shown  in  Fig.  lb.  We  were 
confronted  then  with  two  values,  the  S.D.  of  the  axis,  representing  two  co- 
ordinates, and  that  of  the  third  coordinate,  magnitude.  In  our  problem,  however, 
we  are  concerned  with  the  gradient  itself  rather  than  its  coordinates.  In  brief,  we 
seek  the  single  value  that  may  be  properly  termed  the  standard  deviation  of 
the  gradient. 

METHOD 

Let  us  consider  a  group  of  2-dimensional  forces.  These  radiate  from  a  null- 
point  as  in  Fig.  3a.  The  mean  force  has  been  determined  and  is  drawn  as  a 
heavy  line.  It  is  a  simple  matter  to  determine  the  S.D.  of  magnitude  and  that 
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Fig.  la.  Distribution  of  magnitude  of  ventricular  gradient  in  standard  deviation  units. 
Fig.  lb.  Distribution  of  axis  of  ventricular  gradient  in  stant^lard  deviation  units. 


Fig.  2.  Ventricular  gradients  of  49  normal  subjects  as  determined  from  the  twelve-lead 
electrocardiogram.  The  star  is  at  the  mean  axis.  The  circles  centered  on  it  have  radii  of  1, 
2,  and  3  .standard  deviations.  The  standard  deviation  equals  22°.  The  area  of  each  spot  is 
proportionate  to  the  magnitude  of  the  vector  it  represents.  The  posterior  hemisphere  is 
shaded. 
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Fig.  3a.  Fig.  3b. 

Fig.  3a.  A  group  of  two-dimensional  forces.  The  mean  is  shown  as  a  heavy  line.  When 
forces  are  represented  by  vectors,  we  can  determine  the  standard  deviation  of  their  coordi- 
nates, i.e.,  of  musnitude  and  of  axis. 

Fig.  3b.  The  forces  are  represented  l>y  their  vector  termini.  The  triangle  is  at  the  mean 
terminus.  We  may  now  measure  the  distance  between  each  jjoint  and  the  triangle,  i.e.,  the 
deviates,  apply  the  formula  for  standard  deviation,  and  obtain  the  S.U.  of  the  forces.  It  is 
expressed  as  a  distance,  or  radius,  and  circles  of  1,  2,  and  3  S.D.'s  may  be  centered  on  the 
triangle. 
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Fig.  4a.  Fig.  4b. 

Fi(i.  4a.  Determination  of  the  deviation  of  a  subject's  gradient,  S,  from  the  mean  gradi- 
ent, M.  S  is  represented  by  its  projections  s^  and  s",  and  M  by  m'"  and  m".  The  projections 
of  the  deviate  are  then  m^'s'^  and  m"s".  Its  spherical  coordinates  may  be  determined  by 
construction  (not  shown). 

Fig.  4b.  Determination  of  the  deviate  on  a  chart.  Here  the  null-point  represents  the  termi- 
nus of  the  mean  gradient.  The  cartesian  coordinates  of  the  deviate  of  S  from  M  are  obtained 
by  subtracting  those  of  the  lattci-  IVoni  ilnisc  of  the  former.  As  the  X,  Y,  Z  components  of 
the  mean  are  39,  —33,  and  —17  microvolt  seconds,  respectively,  and  those  of  suliject  S  are 
19,  —50  and  6,  the  components  of  the  deviate  are  —20,  —17  and  23.  These  are  laid  off  on  the 
axes  of  the  chart  and  the  projections  of  the  deviate,  Os''  and  Os",  derived.  Its  spherical  co- 
ordinates relative  to  the  mean  gradient  teiminus  are  then  determined  by  revolution  (not 
shown) . 


of  axis  and  ()l)taiii  two  values.  Let  us  represent  these  forces  by  their  termini, 
as  in  Fig.  3b.  Here  the  triangle  represents  the  mean  force.  We  may  now  measure 
the  distance  between  each  point  and  the  triangle,  i.e.,  the  deviates,  apply  the 
formula  for  standard  deviation,  and  obtain  a  single  value.  The  8.D.  is  then  ex- 
pressed as  a  distance,  or  radius,  ;iiid  circles  of  1,  2,  and  3  S.D.'s  may  be  centered 
on  the  triangle. 
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Let  us  imagine  a  group  of  ii-diniensioual  forces,  for  example,  tlie  gradients  of 
our  49  normal  subjects.  Their  termini  form  a  cluster  of  points  in  space.  The 
terminus  of  the  mean  gradient  lies  at  the  center  of  this  cluster  and  may  be  con- 
sidered as  the  null-point  from  which  the  gratlient  termini  are  measured.  Con- 
centric spheres  with  radii  of  1,  2  and  3  S.D.'s  are  centered  on  this  terminus.  The 
standard  de\'iation  of  the  gradient,  the  answer  to  our  problem,  then  efjuals  the 
radius  of  the  smallest  sphere  expressed  in  microvolt-seconds. 

To  determine  this,  we  need  no  longer  picture  the  cluster  of  points.  We  work 
with  projections.  The  two  projections  of  the  mean  gradient  in  our  series  are 
shown  in  Fig.  4a.  m"^  is  the  frontal  projection,  and  m",  the  horizontal  projection. 
The  gradient  of  one  subject,  S,  is  represented  by  its  projections,  s^  and  s".  The 
projections  of  the  deviate  are  then  m'^s''  and  m"s",  and  we  may  consider  that 
they  have  been  obtained  by  vectorial  subtraction.  Scalar  subtraction  may  be 
more  expedient  or  elegant  as  it  facilitates  the  use  of  a  convenient  chart  (1,  2,  3). 
Thus,  if  the  X,  Y,  Z  components  of  the  mean  gradient  are  39,  —33,  and  —17, 
respectively,  and  those  of  subject  S  are  19,  —50,  and  6,  the  components  of  the 
deviate  are  —20,  —17,  and  23.  The.se  are  laid  off  on  the  axes  of  the  chart,  and 
the  projections  of  the  deviate  derived,  as  in  Fig.  4b.  Here  the  null-point  repre- 
sents the  terminus  of  the  mean  gradient,  and  the  projections  of  the  deviate  are 
Os''  and  Os".  The  magnitude  of  the  deviate  is  then  determined  on  the  chart  by 
revolution  (1,  2,  3).  This  is  repeated  for  each  subject,  and  the  standard  devia- 
tion of  the  series  calculated. 

In  determining  spherical  coordinates,  it  is  unnecessary  to  derive  the  frontal 
projection.  In  the  construction  (1,  2,  3)  an  arc  is  enscribed  from  the  horizontal 
projection  to  the  ground-line,  and  at  the  point  of  intersection  a  perpendicular 
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is  drawn  to  the  altitude  of  the  t'rontal  projection.  As  this  efjuals  component  Y, 
the  construction  may  he  pei'toiined  as  in  l'"if>;.  "). 

HESl'LTS 

The  mean  de\  iation  of  the  \'entricu!ar  f2;radiont  is  25  microvolt-seconds,  and 
the  standard  dexiation,  27  micioxolt -seconds.  The  range  is  6  to  08  microvolt- 
seconds.  The  distribution  in  standard  deviation  units  is  shown  in  Fig.  6.  Thirty- 
one  gradients  lie  within  a  sphere  whose  radius  is  1  S.D.,  48  within  one  of  2  S.D.'s, 
and  4!)  within  one  of  S.D.'s. 

As  the  spherical  coordinates  of  each  terminus  relative  to  the  mean  terminus 
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Fig.  6.  Distribution  of  49  gradients  in  S.D.  units  relative  to  a  mean  gradient  terminus 
who.se  spherical  coordinates  are  54  m.c.v.s.,  23°,  38°  (magnitude,  azimuth,  elevation).  S.D. 
equals  27  m.c.v.s. 
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have  1h'(mi  (Ictcnniiictl  on  the  cliarl  of  Fig.  41),  it  is  possible  to  depict  the  cluster 
of  tennini  in  spuce  by  means  of  a  sphere.  If  the  terminus  of  the  mean  gradient 
is  considered  to  lie  at  the  center  of  this  sphere,  each  deviate  may  be  represented 
by  a  spot  on  its  surface.  This  was  not  performed  in  this  series. 


Fig.  7a.  Lead  vector  concept.  The  niyocafdiuin  generates  a  force,  Ihc  li<iiii  rector.  Its 
geometric  component  on  the  Y  axis  ma\  he  callcil  (jciniiviric  Y,  An  eled  loilc  positioned  on 
this  a.xis  records  a  component  termed  n  i-nnlvil  )' .  II'  tliis  is  half  of  gcoincl  ric  Y,  lead  V,  in 
recording  geometric  Y,  has  multi])lied  it  by  a  factor  of  0.5.  This  is  the  lead  veclor  of  lead  Y. 
In  brief:  (geometric  Y)  (lead  vector  of  lead  Y)  =  recorded  Y. 

Fig.  7b.  If  lead  X  is  constituted  by  placing  an  electrode  on  the  X  axis  .-uid  if  its  lead 
vector  also  equals  0.5,  recorded  X  equals  half  of  gcntrietric  X.  The  resull.'iiii  nl  recorded  X 
and  recorded  Y,  or  the  recorded  heart  rector,  then  exhibits  the  same  orientation  as  the  heart 
vector  and  half  its  magnitude.  It  is  a  miniature  of  the  heart  vector. 

Fig.  7c.  If  the  lead  vectors  are  not  ecivuil,  e.g.,  if  that  of  lead  V  is  0.5  and  that  of  lead  X 
is  0.25,  then  the  recorded  heart  vector  ditfers  from  the  heart  vector  in  both  orientation  and 
magnitude.  It  is  a  distortion. 
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DISCUSSION 

Although  we  h;ive  dealt  with  methods  of  geometric  precision,  their  (U)mpletc 
application,  and,  indeed,  that  of  all  (|uantitative  technicjues  in  electrocardiog- 
raphy, is  subject  to  a  limitation  which  is  best  demonstrated  in  the  light  of  the 
lead  vector  concept  (5). 

Assume  that  the  myocardium  of  an  individual  generates  a  force  called  the 
heart  vector  (5),  as  in  Fig.  7a.  We  may  refer  to  its  geometric  component  on  the 
Y  axis  as  geometric  Y.  A  surface  electrode  positioned  on  the  Y  axis  records  a 
voltage  which  may  be  called  recorded  Y .  As  geometric  Y  and  recorded  Y  have 
been  drawn  to  the  same  scale,  and  as  the  latter  has  half  the  magnitude  of  the 
former,  it  is  apparent  that  lead  Y,  in  recording  geometric  Y,  has  multiplied 
it  by  a  factor  of  0.5.  This  is  the  lead  vector  (5)  of  lead  Y.  We  may  then  say  that: 

(geometric  Y)(lead  vector  of  lead  Y)  =  recorded  Y 

If  lead  X  is  now  constituted  by  placing  an  electrode  on  the  X  axis  and  if  its 
lead  vector  equals  that  of  lead  Y,  i.e.,  0.5,  recorded  X  equals  half  of  geometric  X, 
as  in  l'"ig.  7b.  The  resultant  of  recorded  X  and  recorded  Y,  or  the  recorded  heart 
vector,  then  displays  the  same  axis  as  the  heart  vector,  but  half  its  magnitude. 
It  is  a  miniature.  If  the  lead  vectors  of  X  and  Y  are  not  ecjual,  however,  the  re- 
corded heart  vector  differs  from  the  heart  vector  in  axis  as  well  as  in  magnitude. 
We  record  not  a  miniature  but  a  distortion,  as  in  Fig.  7c,  in  which  the  lead  vec- 
tors of  X  and  Y  are  0.25  and  0.5,  respectively.  To  avoid  this,  systems  of  electrode 
placement  that  display  equal  lead  vectors  have  been  proposed  (6,  7,  8).  At  best 
these  record  miniatures.  As  the  magnitude  of  a  force  generated  by  an  individual 
is  multiplied  in  the  record  by  a  factor  unique  to  him,  it  follows  that,  unless  this 
factor  is  known  in  each  case,  statistical  techniciues  applied  to  magnitude  have 
limited  significance.  The  most  that  can  be  hoped  for  with  systems  employing 
equal  lead  vectors  is  accuracy  of  axis,  and  these  may  be  statistically  analyzed 
with  validity  (4).  To  achieve  maximum  efficiency  in  the  method  described  in 
this  paper,  however,  it  is  not  only  necessary  that  lead  vectors  be  ecjual,  but  also 
that  they  have  the  same  magnitude  in  all  subjects.  Forces  would  then  be  recorded 
to  the  same  scale  in  all  cases.  To  equate  recorded  heart  vectors  with  heart  vec- 
tors, all  lead  vectors  must  efiual  1.0. 

SUMMARY 

1.  A  three-dimensional  statistical  technique  is  described  and  applied  to  the 
ventricular  gradients  of  49  normal  subjects.  The  gradients  are  represented  by 
their  vector  termini,  which  form  a  cluster  of  points  in  space.  The  mean  gradient 
terminus  lies  at  the  center  of  this  cluster,  hence  at  the  center  of  concentric 
spheres  whose  radii  are  expressed  in  standard  deviation  units.  It  is  taken  as  the 
null-point  from  which  the  individual  termini  are  measured.  The  deviate  of  each 
gradient  is  therefore  the  distance  in  space  between  its  terminus  and  the  mean 
terminus  and  is  expressed  in  microvolt-seconds. 

2.  From  a  mean  gradient  whose  spherical  coordinates  are  54  m.c.v.s.,  23°, 
and  38°  (magnitude,  azimuth,  elevation),  the  mean  deviation  is  25  m.c.v.s.,  and 
the  standard  deviation,  27  m.c.v.s.  The  range  is  6  to  68  m.c.v.s.  Thirty-one 
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gradients  lie  w  ithin  a  sphere  whose  radius  is  1  S.D.,  48  witliin  one  of  2  S.D.',s 
and  49  within  one  of  3  S.D.'s. 

3.  The  conditions  under  whicli  this  method  would  operate  at  maximum  ef- 
ficiency are  discussed  in  terms  of  the  lead  vector  concept. 
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New  York,  N.  )'. 

Ophthalmodynamometry  (ODM)  is  a  method  of  indirect  measurement  of  the 
ophthahnic  artery  pressure.  The  purpose  of  this  paper  is  to  evahuite  ODM  as 
a  tool  in  clinical  neurology. 

Pulsations  of  the  retinal  veins  were  first  described  early  in  the  19th  century 
(1).  In  later  years  it  was  noted  that  the  retinal  veins  pulsate  in  the  normal  sub- 
ject whereas  the  retinal  arteries  do  not.  It  was  also  noted  that  the  digital  pres- 
sure to  the  globe  caused  conspicuous  pulsations  of  the  retinal  arteries.  However, 
there  was  no  quantitative  method  for  compression  of  the  globe  until  1917  when 
Balliart  (2)  first  described  an  instrument  for  measuring  the  tension  when  pres- 
sure was  applied  to  the  external  eye.  Thus  by  compression  of  the  globe  with  this 
instrument  it  could  be  ascertained  at  what  tension  the  retinal  artery  begins  to 
pulsate. 

METHOD 

The  Balliart  ODMeter  is  a  method  of  (juantitating  the  pressure  applied  to 
the  globe.  The  flat  part  of  the  ODMeter  is  placed  directly  to  the  lateral  aspect 
of  the  sclera  with  or  without  local  anaesthesia.  If  the  tension  applied  to  the 
globe  is  Sufficient  to  raise  the  intraocular  pressure  above  the  diastolic  pressure, 
the  retinal  arteries  will  empty  during  diastole.  At  this  point  ophthalmoscopy 
reveals  that  the  arteries  will  begin  to  pulsate.  When  the  intraocular  pressure  is 
raised  above  the  systolic  blood  pressure  the  arteries  collapse  and  the  pulsations 
stop. 

With  the  patient  lying  flat  the  examiner  simultaneously  views  the  fundus 
directly  with  an  ophthalmoscope  and  applies  pressure  to  the  eye  with  the 
ODMeter.  Pressure  is  slowly  exerted.  When  the  arteries  begin  to  pulsate  a  read- 
ing is  taken.  This  measurement,  the  first  recording  on  the  ODMeter,  corresponds 
to  diastolic  arterial  pressure.  As  further  tension  is  exerted  the  arterial  pulsation 
increa.ses  to  a  maximum  and  then  begins  to  decrease.  When  the  pulsations  stop, 
a  reading  again  is  taken.  This  second  reading  corresponds  to  the  systolic  pres- 
sure. The  procedure  is  then  terminated.  At  the  moment  the  pulsations  disappear 
(systolic  pressure)  the  patient  freciuently  reports  a  transient  blindness.  This 
transient  blindness  may  be  used  as  an  end  point  for  the  systolic  reading.  It  ap- 
pears to  be  as  accurate  as  the  routine  method  for  measuring  the  systolic  reading. 
The  intraocular  pres.sure  is  normally  about  20  mm.  of  Hg.,  where  the  diastolic 
retinal  artery  pressure  is  said  to  be  about  75  per  cent  of  the  systemic  diastolic 
pressure  or  approximately  60  mm.  of  Hg.  in  patients  with  normal  blood  pressure 
(3).  The  retinal  vein  pressure  is  usually  a  few  mm.  of  Hg.  higher  than  the  intra- 
ocular tension  and  is  therefore  much  higher  than  the  systemic  venous  pressure. 

From  the  Department  of  Neurology,  The  Mount  Sinai  Hospital,  New  York,  N.  Y. 
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Tlic  readings  of  the  ODMeter,  which  are  merely  absohite  values  of  a  springed 
instrument,  are  reported  as  systolic/diastolic.  This  is  similar  to  routine  blood 
pressure  readings.  The  variations  in  the  normal  population  are  large.  In  the 
present  series  of  40  patients  the  variations  ranged  from  a  reading  of  70/10  in 
both  eyes  of  a  young  woman,  to  values  of  160/110  in  both  eyes  of  a  50  year  old 
woman.  The  wide  range  of  readings  is  due  to  the  many  variables  which  control 
them,  such  as  systemic  blood  pressure,  systemic  pulse  pressure,  intraocular 
tension,  elasticity  of  the  sclera  and  retina,  and  finally  the  elasticity  of  the  retinal 
arterial  wall.  Generally,  young  people  have  lower  readings  than  older  individuals. 
The  examination  is  simple,  takes  appro.ximately  three  to  five  minutes  with  a 
cooperative  patient,  and  is  not  associated  with  discomfort  or  morbidity.  The 
examination  is  impossible  to  perform  with  accuracy  in  uncooperative  patients, 
or  in  those  who  have  defects  in  ocular  media  such  as  severe  cataracts,  as  the 
fundus  must  be  clearly  seen.  In  approximately  20  per  cent  of  patients  it  is  neces- 
sary to  apply  a  local  anaesthetic  to  the  eyes  for  an  adequate  examination.  It  is 
not  necessary  to  dilate  the  pupils  prior  to  the  ODAIetry. 

For  the  purpose  of  this  test  the  absolute  pressure  value  of  the  ODMeter  read- 
ing is  of  no  significance.  The  only  important  element  in  this  examination  is  the 
comparison  between  the  right  and  left  eyes  of  one  patient,  or  in  comparing  values 
in  one  eye  before  and  after  surgical  manipulation  of  the  ipsilateral  carotid  artery. 
As  the  ophthalmic  artery  is  a  direct  branch  of  the  internal  carotid,  an  occlusion 
of  the  carotid  artery  tends  to  lower  artei'ial  tension  in  the  ipsilateral  eye.  The 
examiner  should  be  aware  of  any  unilateral  ocular  disease  such  as  glaucoma, 
iritis,  or  other  di.seases  of  the  eye  before  concluding  that  his  examination  showed 
a  significant  difference  between  the  two  eyes.  Difference  in  the  pressure  of  the 
two  carotids  as  seen  in  congenital  heart  disease  is  a  possible  cause  of  variation 
between  the  two  eyes. 

Recorded  studies  (4)  note  that  contraindications  to  the  use  of  ODMetry 
include  the  presence  of  glaucoma,  retinal  artery  thrombosis,  chorioditis,  high 
myopia  or  any  condition  that  predisposes  to  retinal  detachment.  There  has  been 
no  mention  in  the  aA'ailable  literature  of  a  case  of  retinal  detachment  or  any 
other  complication  due  to  this  examination. 

RESULTS 

We  have  studied  forty  patients  who  have  had  ODMetry  performed.  These 
cases  included  patients  with  papilledema,  aneurysms,  optic  neuritis,  brain 
tumors  and  vascular  disease.  None  of  these  patients  had  striking  elevations  or 
reduction  of  ODMeter  pressure  in  both  eyes  as  compared  with  the  findings  in 
normal  subjects.  A  review  of  the  forty  patients  show's  that  the  systolic  reading 
can  be  correlated  with  the  clinical  picture,  whereas  the  diastolic  pressures  were 
not  accurately  correlated  with  clinical  findings  (Figs.  1  &.  2). 

Thirty-three  of  these  forty  patients  had  no  significant  difference  between  the 
two  eyes.  Moreover  these  patients  had  no  clinical  or  angiographic  evidence  of 
occlusive  disease  of  the  carotid  artery. 

There  w'ere  seven  cases  of  spontaneous  narrowing  or  occlusion  of  the  carotid 
artery,  as  demonstrated  by  angiography,  with  neurological  symptoms.  Of  these 
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Fig.  2 


seven  cases,  six  showed  lower  readings  in  the  ipsilateral  eye  with  systoHc  read- 
ing difference  of  20  per  cent  or  more. 

The  seven  patients  with  proven  spontaneous  occlusion  or  stenosis  of  the  caro- 
tid artery  had  the  following  readings: 


Case 

ODM  Readings 

Side  of  abnormal 

S' — Higher  systolic 
reading;  S^' — lower 
systolic  reading 

Systolic  per  cent 
difference 

OD 

OS 

carotid 

S'  -  S2 
S' 

1 

130/50 

60/0 

Left 

70/130 

54 

2 

50/30 

130/70 

Right 

80/130 

62 

3 

70/10 

120/50 

Right 

50/120 

42 

4 

120/75 

150/100 

Right 

30/150 

20 

5 

100/50 

85/40 

Left 

15/100 

15 

6 

100/40 

125/40 

Right 

25/125 

20 

7 

140/60 

100/40 

Left 

40/140 

29 
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Case  o  had  an  endarterectomij  for  a  partial  occlusion  of  the  right  internal 
carotid  artery.  His  ODM  readings  before  and  after  operation  were  the  following: 


OD 

OS 

Systolic  per  cent  difference 

Preoperative  

70/10 

120/50 

50/120  =  42% 

Postoperative  

130/60 

130/40 

0/130  =  0% 

There  was  no  essential  change  in  liis  clinieal  picture.  Angiography  was  not 
done  postoperatively. 

Case  ^  5  was  the  onh'  instance  in  which  the  systolic  per  cent  difference  was 
less  than  20  per  cent  in  a  case  of  proven  carotid  stenosis. 

One  patient  who  was  not  included  in  the  above  series  was  studied  before  and 
after  a  carotid  ligation  for  a  huge  infraclinoid  aneurysm  of  the  left  internal 
carotid  artery.  Her  pre  and  postoperative  ODM  reading  were  the  following: 


OD 

OS 

'  Systolic  per  cent  difference 

Preoperative  

120/80 

120/50 

0/120  =  0% 

Postoperative  

140/10 

70/40 

70/140  =  50% 

One  patient  was  studied  after  a  Selvertone  clamp  had  been  applied  because  of 
an  aneurysm  of  the  carotid  artery.  The  ODM  readings  were  within  the  normal 
range.  Angiography  subsequently  proved  that  the  internal  carotid  artery  was 
patent  throughout  its  entirety  (directly  through  the  clamp).  f]vidently  the 
clamp  was  not  tightened  sufficiently  to  cause  obliteration  of  the  flow. 


DISCUSSION 

In  the  early  days  of  ODMetry  the  ophthalmologists  were  mainly  interested  in 
the  absolute  values  of  the  examination  and  correlating  them  with  the  vascular 
suppl}'  of  the  eyes,  and  with  diseases  of  the  eyes  (1).  There  was  no  emphasis  on, 
and  only  rare  mention  of,  the  comparative  arterial  tension  between  the  two 
eyes.  Elaborate  schemes  were  hypothesised  relating  the  brachial  artery  pressure 
and  the  readings  of  the  OD^NIeter  (1).  There  was  also  an  attempt  by  Berens  (5) 
and  others  to  correlate  increase  in  the  cerebro-spinal  fluid  pressure  with  the 
ODMeter  readings.  A  high  retinal  artery  pressure  with  a  normal  l)rachial  artery 
pressure  was  at  one  time  said  to  be  caused  by  high  cerebro-spinal  fluid  tension. 
Xone  of  the  above  theories  has  been  verified.  It  is  of  interest  to  note  that  Fre- 
mont-Smith (6)  states  that  intraocular  pressure  does  not  rise  concomitantly 
with  an  increa.'^e  in  the  cerebro-spinal  fluid  pressure.  In  general,  there  had  been 
little  interest  in  OD^Ietry  in  the  past  fifteen  years,  until  the  development  of 
interest  in  the  diseases  of  the  carotid  artery  (7,  8). 

Xormal  subjects  show  little  difference  between  the  right  and  left  eye.  In  large 
groups  of  normal  people  the  variation  between  the  two  eyes  is  usually  below  15 
per  cent  difference,  in  either  the  diastolic  or  .-systolic  readings.  When  one  is  con- 
cerned with  carotid  artery  disease  the  systolic  reading  appears  to  be  more  im- 
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portant  tliuu  the  diastolic.  Bakay  and  Sweet  (9)  measuicd  tiie  systolic  and 
diastolic  pressure  in  the  distal  portion  of  diseased  or  surgically  occluded  caiolid 
arteries  in  acute  sur<2;ical  situations  and  also  in  follow-up  studies.  They  found 
that  diastolic  pressures  in  the  distal  carotid  artery  often  near  normal  after  ca- 
rotid ligation  or  occlusion,  wheras  the  systolic  pressure  usually  was  well  below  the 
systemic  systolic  blood  pressure.  This  corroborates  the  impression  that  the 
systolic  pressure  is  more  significant  than  the  diastolic  pressure  for  ODM  studies. 
Recent  investigations  (4,  10,  11)  tend  to  support  the  following  conclusions: 

1.  A  difference  in  ODM  recording  of  over  20  per  cent  in  the  systolic  reading 
is  abnormal,  and  indicates  some  defect  in  the  arterial  blood  supply  of  the 
eye  with  the  lower  reading. 

2.  Approximately  80  per  cent  of  people  with  carotid  occlusive  disease  will 
show  significantly  lower  ODIVI  readings  in  the  ipsilateral  eye. 

3.  Surgical  occlusions  of  the  common  or  internal  carotid  artery  will  cause  a 
significant  drop  in  ODM  readings  in  the  ipsilateral  eye. 

-4.  Surgical  endarterectomies  can  reverse  abnormal  readings.  The  ODM 
findings  are  usually  corroborated  by  angiograms  in  these  cases.  However, 
too  few  cases  of  this  type  have  been  reported  to  be  certain  that  the  ODM 
readings  will  always  disclose  the  success  or  failure  of  endarterectomy. 

5.  Cases  have  been  reported  in  which  tumors  invaded  the  carotid  artery  in 
the  neck  or  in  the  middle  fossa,  and  in  whom  the  ODMetry  showed  a 
significant  difference,  with  a  low  reading  on  the  side  of  the  tumor. 

6.  False  positive  cases,  using  the  criteria  of  systolic  reading  per  cent  differ- 
ence of  OA'er  20  per  cent  as  positive,  are  rare. 

Experience  at  The  Mount  Sinai  Hospital  is  similar  to  that  recently  reported 
elsewhere.  We  have  found  no  false  positives.  Approximately  80  per  cent  of  pa- 
tients with  carotid  occlusive  disease  had  abnormal  ODM  studies. 

The  incidence  of  disease  of  the  carotid  artery  both  in  the  neck  and  in  the 
thoracic  region  appears  to  be  higher  than  suspected  ten  years  ago.  In  a  study  of 
432  consecutive  autopsied  cases  Fisher  (7)  found  that  6.5  per  cent  had  occlusion 
of  at  least  one  carotid  artery  and  that  another  3  per  cent  of  cases  had  severe 
narrowing  of  the  carotid  artery,  giving  an  incidence  of  nearly  10  per  cent  in  a 
random  sampling  of  autopsy  cases. 

Because  of  the  possibilities  of  surgical  or  medical  therapy  in  this  disease  the 
importance  of  distinguishing  patients  with  carotid  artery  disease  from  those 
with  intracranial  vascular  disease  or  neoplasm,  is  great.  At  the  present  time  we 
have  many  methods  of  diagnosing  carotid  artery  occlusive  disease.  A  summary 
of  these  methods  is  as  follows: 

1.  The  clinical  history.  The  syndrome  of  ipsilateral  blindness  and  contra- 
lateral hemiplegia  speaks  for  carotid  occlusion  (8).  The  classical  syndrome 
is  infreciuent  and  only  10-20  per  cent  of  the  patients  show  it.  Most  clini- 
cians find  it  impossible  to  make  the  diagnosis  by  history  alone.  Any  patient 
with  iniilateral  disease  of  the  cerebrum  should  be  considered  as  possibly 
having  carotid  occlusive  disease. 
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2.  I'alpation  of  the  fumtid  arteries  in  the  neck.  This  has  been  found  to  be 
grossly  inaccurate  and  unreHable. 

3.  Palpation  of  the  carotid  arteries  in  the  pharynx.  This  has  been  claimed  to 
be  an  accurate  method  of  diagnosis  by  Dunning  (12).  Others  have  found 
this  to  be  a  difficult  examination,  and  unreliable. 

4.  Occlusion  of  the  carotid  artery  by  the  examiner.  Patients  with  this  disease 
freciuently  show  symptoms  of  cerebral  dysfunction  when  the  normal  caro- 
tid is  compressed  and  no  effect  when  the  diseased  carotid  is  manually  oc- 
cluded. Although  some  observers  claim  this  maneuver  might  be  dangerous, 
experience  at  The  Mount  Sinai  Hospital  in  the  past  two  years  has  shown 
that  it  is  a  reliable,  helpful  and  safe  adjunct  to  the  neurological  examination. 

5.  Auscultation  of  the  neck.  Occasionally  a  localized  bruit  may  be  heard  at 
the  site  of  stenosis  of  the  artery. 

6.  Manual  occlusion  of  the  carotid  artery  during  the  EEG  examination.  The 
conclusions  of  this  test  are  not  yet  clear,  although  it  may  be  an  important 
refinement  in  method  number  four  above. 

7.  Angiography. 

8.  Exploration  of  the  neck. 

9.  ODMetry,  as  described  above. 

Of  the  nine  methods  cited,  ODMetry  is  one  of  the  simplest,  safest  and  most 
reliable  in  the  diagnosis  of  carotid  artery  disease.  It  is  the  one  technique  that  is 
suitable  for  routine  use  and  at  the  same  time  is  capable  of  making  a  reliable 
diagnosis  in  approximately  80  per  cent  of  cases.  This  test  is  particularly  reliable 
and  significant  because  the  false  positive  test  is  rare. 

CONCLUSION 

ODAIetry  is  an  indirect  method  of  measuring  retinal  arterj^  pressure.  It  is 
helpful  in  diagnosis  of  carotid  artery  disease  and  in  evaluation  of  the  various 
surgical  procedures  now  being  done  on  the  carotid  artery.  It  should  be  part  of 
the  routine  neurological  examination  in  all  patients  with  unilateral  cerebral 
disease. 
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CASE  NO.  61 


A  17  year  old  gil  l  was  admitted  with  the  chief  complaint  of  recurring  epigastric 
pain  for  7  months.  The  pain  was  associated  with  sul)sternal  bvu'ning,  gaseous 
eructations  and  occasionally  a  sensation  of  food  sticking  at  the  level  of  the  xiphoid. 
These  symptoms  started  during  a  febrile  episode  attributed  to  a  virus  infection. 
With  antibiotic  therapy  at  that  time,  the  temperature  fell  to  normal  within  a 
few  days.  The  patient,  however,  began  to  lose  weight  and  vomited  on  occasion. 
In  a  period  of  6  months,  she  lost  12  pounds.  The  epigastric  pain  occurred  usually 
about  1  hour  after  meals  and  was  relieved  by  belching.  Other  findings  during 
this  period  were  an  occasional  rise  in  the  temperature  to  above  100°F.,  a  reduc- 
tion of  the  hemoglobin  to  70%  and  an  increased  sedimentation  rate.  For  several 
nights  prior  to  admission,  she  had  been  aw^akened  with  night  sweats. 


Case  61,  Fig.  lA.  Barium  meal  examination  shows  remarkable  limitation  in  distensi- 
bility  of  the  antrum  with  an  effaced  amorphous  mucosal  pattern.  The  duodenal  bulb 
shows  no  gross  deformity  but  its  contours  are  irregular  or  scalloped  and  the  fold 
pattern  of  the  bulb  was  quite  indistinct  and  hazy.  At  the  junction  of  the  1st  and  2nd 
portions  of  the  duodenum,  there  is  an  abrupt  transition  to  the  normal  fold  pattern  of 
the  descending  duodenum. 

On  admission,  temperature  was  elevated  for  2  days  up  to  101°F.  The  white 
blood  count  \vas  10,000  with  77%  polymorphonuclear  leukocytes,  50%.  of  which 
were  nonsegmented.  Hemoglobin  was  11.6  grams.  There  was  no  evidence  of 

From  the  Department  of  Radiology,  The  Mount  Sinai  Hospital,  New  York,  N.  Y. 
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Case  61,  Fig.  IB.  Film  from  the  small  bowel  series  shows  a  persistent  linear  streak  of 
barium  (upper  arrow)  in  the  spastic  antrum.  This  suggests  a  linear  ulcer.  The  fold  pattern 
of  the  contracted  duodenal  bulb  is  obviously  irregular  and  thickened.  The  terminal 
ileum  (lower  arrow)  shows  ragged  contours  and  effaced  coarse  mucosal  pattern.  The 
space  between  the  terminal  ileum  and  adjacent  loops  is  increased. 

jaundice  and  liver  function  tests  appeared  to  be  normal.  Physical  examination 
was  not  contributory  except  for  cjuestionable  tenderness  in  the  I'ight  upper  quad- 
rant. Barium  meal  examination  and  serial  examination  of  the  small  bowel  were 
performed.  The  antral  portion  of  the  stomach  was  distinctly  limited  in  distensi- 
bility  and  the  mucosal  pattern  in  the  antrum  effaced  (Fig.  lA).  In  the  antnun, 
there  was  on  several  films  a  somewhat  elongated  persistent  patch  of  barium 
suggestive  of  superficial  ulceration.  The  duodenal  bulb  showed  no  characteristic 
deformity  but  the  mucosal  pattern  within  it  was  quite  hazy  and  indistinct  and 
the  margins  of  the  filled  bulb  showed  an  irregular  contour.  No  discrete  ulcer 
crater  was  demonstrated  within  the  duodenum.  The  remainder  of  the  duodenum 
and  the  jejunum  did  not  appear  remarkable.  The  terminal  ileum  (Fig.  IB)  over  a 
distance  of  about  G  or  7  inches  showed  marked  irregularity  in  its  contour  with 
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Case  61,  Fig.  2A.  Double  contrast  portion  of  the  barium  enema  examination  (patien 
prone)  confirms  the  changes  in  the  terminal  ileum.  In  addition,  there  is  limited  and  ir- 
regular distensibility  of  a  portion  of  the  ascending  colon  and  of  the  proximal  transverse 
colon.  In  this  latter  area,  there  appear  to  be  several  pseudopolypoid  intraluminal 
projections  (arrow).  A  short  "skip"  area  of  involvement  is  also  present  in  the  distal 
transverse  colon  (arrow). 

multiple  spiculations  and  effacement  of  the  mucosal  pattern.  The  adjacent  loops 
of  ileum  were  separated  from  the  terminal  ileum  by  an  unusually  large  space. 
The  findings  in  the  terminal  ileum  were  characteristic  of  granulomatous  ileitis. 
Barium  enema  examination  (Fig.  2A  and  2B)  confirmed  the  changes  in  the  ileum. 
In  addition,  however,  there  was  limited  and  irregular  distensibility  of  the  as- 
cending colon  and  of  the  proximal  transverse  colon.  At  this  latter  site  there  ap- 
peared to  be  several  pseudopolypoid,  intraluminal  projections.  The  mid-trans- 
verse colon  appeared  to  be  normal  but  in  the  distal  transverse  colon,  there  was  a 
short  segment  about  IJ-^  inches  in  length  which  also  showed  distinct  and  con- 
stant limited  distensibility  and  irregularity  of  its  contours.  The  remainder  of 
the  colon  did  not  appear  to  be  remarkable. 

The  roentgen  findings  in  the  terminal  ileum  of  this  patient  were  characteristic 
of  terminal  granulomatous  ileitis.  The  changes  in  the  colon  are  segmental  in 
character  with  skip  areas  suggesting  that  the  inx'olvement  of  the  colon  may  be 
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Case  61,  Fig.  2B.  Same  examination  (patient  supine).  The  irregularity  of  the  as- 
cending colon  is  more  evident  with  barium  filling.  The  organic  nature  of  the  lesion  in  the 
distal  transverse  colon  is  confirmed  by  its  persistence  (arrow). 

of  a  similar  nature.  From  a  roentgen  point  of  view,  differentiation  l:)etween  seg- 
mental ulcerative  colitis  and  segmental  granulomatous  colitis  cannot  be  made  with 
certainty.  It  is  also  assumed,  without  definite  proof,  that  the  changes  in  the 
antrum  and  the  duodenal  bull)  may  also  be  granulomatous  in  nature.  It  is  of 
interest  in  this  patient  that  the  symptoms  due  to  the  gastro-duodenal  lesion 
were  predominant  although  on  close  (luestioning  the  patient  did  admit  to  the 
passage  of  a  considerable  amount  of  flatus  and  a  possible  increase  in  the  number 
of  bowel  movements  during  periods  of  abdominal  distress.  From  a  limited  ex- 
perience with  similar  lesions  of  the  stomach,  it  would  appear  that  symptomatic 
medical  therapy  may  be  successful  in  controlling  the  patient's  gastric  symptoms 
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aiul  has  in  at  k-ast  one  previous  case  been  associated  witii  improvement  of  the 
roentgen  findings  as  well.  In  the  case  quoted,  the  improvement  in  the  gastro- 
duodenal  findings  was  in  contrast  to  the  persistence  of  the  roentgen  findings  in 
the  terminal  ileum. 

Final  Diagnosis:  Granulomatous  terminal  ileitis;  segmental  granulom- 
atous  COLITIS.  GASTRITIS  AND   DUODENITIS,  GRANULOMATOUS? 

CASE  NO.  ()2 

A  6  day  old  male  infant  was  admitted  with  a  history  of  vomiting  of  2  days 
duration.  Delivery  had  occurred  without  incident.  Vomiting  of  feedings  mixed 
with  bile  started  4  or  5  days  after  birth  and  continued  despite  changes  in  the 
infant's  formula.  About  2  days  after  the  vomiting  started,  it  was  noted  that  2 
stools  contained  bright  red  blood. 

Examination  of  the  infant  showed  an  easily  palpable  mass  in  the  right  upper 
quadrant  which  appeared  to  be  about  2  inches  in  length  and  an  inch  in  width. 
It  was  smooth  and  soft  but  did  not  impress  the  examiner  as  being  cystic. 


Case  62,  Fig.  1.  A  simple  film  of  the  abdomen  shows  moderate  distension  of  numerous 
loops  of  small  bowel.  At  the  level  of  the  crest  of  the  right  ilium,  there  is  a  wide  loop 
of  bowel  with  a  long  fluid  level.  Into  the  superior  aspect  of  this  loop,  there  is  a  hemi- 
spherical soft  tissue  protrusion  (arrow).  Close  observation  shows  2  linear  cresentic  air 
collections  in  the  right  upper  quadrant  (upper  arrow)  which  appear  to  outline  a  portion 
of  a  large  ovoid  homogeneous  soft  tissue  mass  occupying  the  right  side  of  the  abdo- 
men. 
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Case  62,  Fig.  2.  Barium  enema  examination  confirmed  the  presence  of  a  large 
sharply  demarcated,  smooth  filling  defect  (arrow)  presumably  in  the  region  of  the 
cecum.  Obstruction  was  incomplete  and  barium  entered  somewhat  dilated  loops  of 
distal  ileum. 

Roentgen  examination  of  the  abdomen  (Fig.  1)  showed  distension  of  multiple 
loops  of  small  bowel  which,  however,  was  not  extreme.  The  most  interesting 
findings,  however,  were  on  the  right  side  of  the  abdomen.  With  the  child  erect, 
there  was  a  wide  loop  of  bowel  with  a  fluid  level  in  the  right  lower  quadrant. 
Into  the  superior  portion  of  this  loop  of  bowel,  there  protruded  a  hemispherical 
soft  tissue  mass.  Moreovei",  in  the  right  upper  quadrant  adjacent  to  the  lateral 
abdominal  wall,  there  were  two  crescentic  linear  air  densities  which  appeared  to 
outline  the  superior  and  lateral  portion  of  a  large,  ovoid,  homogeneous  soft 
tissue  tumor. 

Barium  enema  examination  (Fig.  2)  confirmed  the  presence  of  a  large  ovoid, 
smooth,  sharply  demarcated  filling  defect  occupying  the  lumen  of  the  bowel  on 
the  right  side  of  the  abdomen.  There  was  no  evidence  of  intussusception.  Ob- 
struction at  the  site  of  the  filling  defect  was  incomplete.  Barium  also  entered  ter- 
minal loops  of  ileum  which  were  moderately  dilated. 

The  nature  of  the  filling  defect  could  not  be  definitely  determined  from  the 
roentgen  examination  but  it  was  assumed  to  be  benign  and  developmental  in 
origin,  possibly  a  noncommunicating  intestinal  duplication.  At  exploratory  lapa- 
rotomy, a  large  cyst  was  discovered  in  the  region  of  the  ileocecal  valve  and  an 
ileocolic  resection  was  performed.  The  cystic  mass  was  demonstrated  to  occupy 
the  lumen  of  the  cecum,  was  cjuite  tense  and  measured  almost  2  inches  in  its 
greatest  diameter.  The  mucosa  over  it  was  completely  flattened  and  markedly 
reddened  with  focul  hemorrhages.  The  ileocecal  vah'e  was  markedly  elongated. 
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TIk^  nppciulix  was  normal.  The  actual  origin  of  the  cystic  structure  appeared  to 
be  the  terminal  ileum.  There  was  no  communication  with  the  intestinal  lumen. 
The  cyst  was  lined  by  mucus  producing  epithelium. 

Post-operatively,  the  child  did  extremely  well  and  was  discharged  in  12  days. 

Final  Diagnosis:  Large  ileocecal  duplication  in  a  new'born  with  bleed- 
ing. 

CASE  NO.  63 

This  Avas  the  first  admission  of  a  37  year  old  white  female  with  the  chief  com- 
plaint of  a  "polyp"  in  her  left  ear.  A  year  and  a  half  prior  to  admission,  the  pa- 
tient noted  a  stuffy  feeling  in  her  left  ear  and  muffled  hearing  on  that  side.  After 
about  6  months,  she  consulted  a  physician  who  recomriiended  local  medication. 
Six  months  prior  to  admission,  the  patient  fainted  and,  on  awakening,  noted  a 
ringing  noise  and  a  persistent  audible  pulsation  in  her  left  ear.  A  month  prior  to 
admission,  a  "polyp"  appeared  in  the  external  meatus.  This  was  biopsied  and 
although  at  first  reported  as  a  " cavern omatous  hemangioma",  review  of  the 
slide  indicated  the  presence  of  a  glomus  jugulare  tumor.  A  short  time  prior  to 
admission,  the  patient  began  to  complain  of  a  fulness  and  pain  in  the  left  tem- 
perozygomatic  area. 

Examination  on  admission  showed  purulent  secretions  in  the  left  external 
auditory  meatus.  The  edge  of  the  canal  was  lacerated  from  a  previous  biopsy. 
When  the  secretions  were  wiped  away,  a  bluish  wrinkled  mass  was  seen  antero- 
superiorly  at  the  junction  of  the  annulus  and  the  canal.  A  perforation  of  the  drum 


Case  63.  Fig.  lA.  Fronto-occipital  (Towne's)  view  of  the  skull  shows  a  huge  bony 
defect  (arrow)  involving  the  entire  base  of  the  left  petrous  pyramid  from  jugular  fora- 
men through  the  middle  ear  to  the  external  auditory  meatus.  The  defect  extends  forward 
to  the  greater  wing  of  the  sphenoid  and  medially  to  the  parasellar  region. 
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Case  63,  Fig.  IB.  Lateral  view  of  the  skull  shows  mottled  destruction  of  the  squama 
of  the  temporal  bone  farrow).  The  posterior  clinoids  are  shortened. 


Case  63,  Fig.  2A.  Lateral  view  of  the  skull  during  left  percutaneus  carotid  angiog- 
raphy shows  extreme  elevation  of  the  middle  cerebral  group  of  vessels,  elevation  of 
the  carotid  siphon  and  flattening  of  the  posterior  cerebral  artery.  A  large  tumor  stain 
consisting  of  a  network  of  abnormal  vessels  occupies  the  region  of  the  middle  fossa 
(arrowj. 
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was  present  and,  through  it,  a  .similar  mass  could  be  seen  filling  the  floor  of  the 
middle  ear.  The  discharge  was  pulsating.  There  was  tenderness  to  pressure  over 
the  temporal  bone  anteriorly  and  abo^'e  the  ear.  A  left  facial  weakness  was  pres- 
ent as  well  as  a  diminished  gag  reflex  and  spontaneous  past  point  ing  to  the  left  with 
the  right  arm.  There  was  distinct  weakness  of  the  right  hand  clasp.  Audiometric 
examination  showed  normal  bone  conduction  on  both  sides  but  a  marked  con- 
ductive deafness  on  the  left. 

X-ray  examination  of  the  skull  show^ed  a  huge  destructive  lesion  involving 
the  tip  and  inferior  portion  of  the  petrous  pyramid  on  the  left  side,  the  floor  of 
the  middle  fossa  and  the  scjuama  of  the  temporal  bone  (Figs.  lA,  IB).  The 
greater  wing  of  the  sphenoid  was  decalcified  and  the  posterior  clinoids  were 
shortened.  The  pineal  was  displaced  slightly  towards  the  right. 

Left  percutaneus  carotid  angiography  (Figs.  2A,  2B)  confirmed  the  presence  of  a 
huge  mass  occupying  the  middle  fossa  with  marked  upward  and  medial  displace- 
ment of  the  middle  cerebral  vessels.  Within  the  tumor,  there  was  an  extensive 
network  of  irregular  vessels.  The  posterior  cerebral  artery  and  the  posterior 
communicating  artery  were  thiimed  and  elongated. 


Case  63,  Fig.  2B.  Antero-posterior  view  of  the  skull  during  carotid  angiography  shows 
extreme  medial  displacement  of  the  middle  cerebral  artery  with  a  huge  tumor  stain 
lateral  to  it  which  extends  into  the  petrous  pyramid  and  through  the  base  of  the  skull. 
The  anterior  cerebral  artery  is  poorly  filled. 
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The  case  presented  above  uiifoi'tuiiaiely  is  fairly  typical  of  the  clinical  story 
in  a  glomus  jugulare  tumor.  The  diagnosis  is  difficult  until  the  mass  pi-esents  in 
the  external  auditory  meatus.  The  case  is  somewhat  unusual  because  of  the 
extreme  amount  of  l)()n(>  destruction  and  the  huge  intracranial  component  with 
relati\'ely  minimal  neurological  findings.  It  was  considered  that  the  tumor  was 
inoperable  and  the  patient  was  started  on  radiotherapy. 

Final  Diagnosis:  Glomus  jugulare  tumor  w'ith  huge  intracranial  exten- 
sion DEMONSTRATED  BY  CAROTID  ANGIOGRAPHY. 

CASE  NO.  64 

This  was  the  third  admission  of  a  38  year  old  white  female  with  the  chief  com- 
plaint of  bloody  diarrhea.  The  first  admission  was  5  years  previously  because  of 
recurrent  bloody  diarrhea  over  a  period  of  several  months.  A  week  prior  to  her 
first  admission,  she  had  developed  a  nodular  eruption  on  both  arms  and  legs 
which  had  the  appearance  of  an  erythema  nodosum.  There  had  also  been  a  loss 
of  10  pounds  in  weight.  Physical  examination  at  the  time  of  this  patient's  first 
admission  was  essentially  negative  except  for  the  erythema  nodosum.  Hemo- 
globin was  11.3  grams,  red  blood  count  3.9  million,  white  blood  count  10,000 
with  94%  polymorphonuclear  leucocytes.  Agglutinations  for  typhoid  and  para- 
typhoid were  negative,  no  ova  or  parasites  were  found  in  the  stools  and  stool 


Case  64,  Fig.  1.  Spot  view  of  the  sigmoid  during  the  course  of  barium  enema  exam- 
ination shows  limited  distensibility  of  the  sigmoid  with  irregularity  of  its  contours  and 
thickening  of  the  fold  pattern.  Straightening  or  flattening  of  the  superior  contour 
extends  into  the  proximal  descending  colon. 
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Case  64,  Fig.  2.  Similar  view  of  the  sigmoid  2  years  later  shows  essentially  the  same 
findings  except  that  the  mucosal  folds  are  thicker  and  in  places  appear  to  be  nodular. 
These  nodular  defects  have  the  appearance  of  so-called  pseudopolyps.  The  extent  of 
the  disease  appears  to  be  unchanged. 

culture  showed  only  B.  coli.  On  sigmoidoscopy  at  that  time,  the  mucosa  of  the 
rectal  ampulla  appeared  entirely  normal  but  the  mucosa  of  the  rectosigmoid 
was  rather  markedly  congested  and  friable  and  bled  easily.  The  impression  of 
the  sigmoidoscopist  at  that  time  was  of  "ulcerative  (segmental)  colitis".  On  a 
conservative  regime,  the  patient  improved  rapidly.  The  temperature  rapidly 
fell  from  101. 4°F.  to  normal  and  she  was  discharged  after  3  weeks.  During  the 
subsequent  year,  the  patient  had  2  episodes  of  mild  diarrhea  each  lasting  about  a 
month  which  did  not  rec(uire  hospitalization.  Three  years  prior  to  the  current 
admission,  however,  the  patient  again  had  to  be  hospitalized  because  of  re- 
current diarrhea,  abdominal  cramps,  recurrence  of  the  erythema-  nodosum  over 
the  legs  and  arms  and  arthi-algias.  Sigmoidoscopy  on  this  admission  again 
showed  a  normal  appearing  rectal  mucosa  but  the  mucosa  of  the  rectosigmoid 
was  granular  and  friable  without  evidence  of  active  ulceration.  In  the  year  prior 
to  the  current  admission,  there  had  been  recurrent  diarrhea,  fever,  anorexia  and 
abdominal  cramps  and  these  had  been  particularly  marked  during  the  previous 
6  months  in  which  .she  had  lost  21  pounds  in  weight.  She  complained  of  6  to  9 
bowel  movements  a  day  but  there  was  very  little  red  blood  in  the  stool.  On 
admission,  the  temperature  of  the  patient  was  101°F.,  hemoglo})in  was  10.3  grams, 
white  blood  count  8,400  with  G5%  polys.  With  the  administration  of  sulfathala- 
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dine,  the  toiiiporat ui-c  tell  (o  below  l(K)°l"".  in  about  .'!  or  4  days  and  the  patient 
appeared  to  be  impro\-ed. 

On  each  of  the  3  admissions  of  this  patient,  barium  enema  was  performed. 
While  the  colon  as  a  whole  appeared  to  be  somewhat  irritable,  delinite  evidence 
of  intrinsic-  inflammatory  changes  appeared  to  be  confined  to  the  rectosigmoid 
and  the  sigmoid.  On  the  first  admission  (Fig.  1),  this  segment  of  the  bowel  did 
not  distend  normally,  showing  considerable  thickening  of  the  fold  pattern  and 
in  places  flattening  and  straightening  of  the  contour  of  the  bowel.  Similar 
changes  (Fig.  2),  perhaps  with  increased  nodular  thickening  of  the  mucosal 
folds,  were  evident  on  re-examination  2  years  later.  On  the  current  examination 
(Fig.  3),  the  same  segment  was  involved  but  to  a  considerably  greater  degree 
and,  in  addition,  there  was  a  Y-shaped  fistulous  tract  extending  into  the  mesen- 
terj^  of  the  sigmoid.  A  short  second  tract  was  seen  on  the  opposite  contour  of 
the  involved  area.  There  had  been  little,  if  any,  longitudinal  spread  of  the  dis- 
eased process  during  the  entire  interval. 

Barium  meal  examination  with  serial  small  bowel  examination  was  performed 


Case  64,  Fig.  3.  Barium  enema  examination  5  years  after  the  original  observation 
shows  on  obvious  increase  in  the  severity  of  the  inflammatory  process  in  the  sigmoid 
but  the  length  of  the  involved  segment  appears  to  be  unchanged  A.  long  Y-shaped 
sinus  tract  is  seen  extending  superiorly  (arrowj  and  a  shorter  tract  extends  interiorly. 
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in  this  patitMil  on  two  of  lier  admissions  indudinjj;  the  most  recent  admission  and 
no  al)normaHty  was  noted. 

The  case  presented  is  an  example  of  coHtis  of  Hmited  extent  which  has  in- 
creased in  severity  locally  but  has  not  spread  during  a  period  of  G  years.  There 
is  considerable  interest  at  the  present  time  in  such  instances  of  so-called  "seg- 
mental" colitis.  In  some  of  these  patients  (Case  61,  for  example),  there  is  in  addi- 
tion a  granulomatous  ileitis  which  immediately  creates  a  suspicion  that  the 
colitis  is  of  a  similar  nature.  In  other  instances,  however,  no  disease  of  the  small 
bowel  exists  and  the  question  whether  the  colitis  is  of  granulomatous  or  non- 
specific ulcerative  nature  cannot  be  decided  on  clinical  or  roentgen  grounds. 
In  some  cases  proved  by  resection  to  be  granulomatous  in  nature,  large  pseudo- 
polypoid  defects  have  been  noted  with  marked  thickening  of  the  wall,  linear 
ulceration  and  fistula  or  sinus  tract  formation.  Sinus  tracts  such  as  those  demon- 
strated in  this  patient  in  the  sigmoid  are  ciuite  rare  in  nonspecific  ulcerative 
colitis  and  it  therefore  seems  likely  that  the  disease  in  this  patient  is  granuloma- 
tous. It  is  likely  that  differentiation  between  these  two  types  of  limited  or  seg- 


Case  65,  Fig.  lA.  Barium  enema  examination  showed  no  abnormality  in  the  colon. 
The  terminal  ileum  appears  unusually  distensible  with  almost  a  haustral  pattern  on  its 
medial  border.  The  lateral  border  (arrows)  of  the  terminal  ileum  on  close  examination  is 
flattened  and  shows  very  fine  spiculation. 


UADIOLCXaCAL  NOTES 


91 


mental  colitis  will  he  of  cliiiical  sif^iiilicaiice  because  ol'  (he  fact  that  pi'eliiuiiiaiy 
evidence  suf^^j^ests  that  the  prognosis  is  different,  with  medical  ov  sui'gical  therapy. 
Final  Diagnosis:  Segmental  colitis,  guanulomatous  (?). 

CASE  NO.  ()5 

I'his  was  the  first  admission  of  a  25  year  old  white  female  with  the  chief  com- 
plaints of  diarrhea,  abdominal  cramps  and  fever.  These  symptoms  developed 
rather  abruptly  7  months  prior  to  admission  with  fever  and  leucocytosis.  At 
that  time,  all  of  the  symptoms  apparently  subsided  on  symptomatic  therapy 
within  a  period  of  a  week.  Six  months  later,  however,  a  similar  episode  occurred 
and  work-up  at  that  time  consisting  of  sigmoidoscopy,  barium  enema  examina- 
tion, gastro-intestinal  and  small  bowel  series  and  examinations  of  stools  for 
occult  blood,  ova  and  parasites  and  stool  culture  were  negative.  The  patient 
again  improved  rapidly  on  symptomatic  treatment.  One  week  prior  to  admission, 
the  symptoms  recurred  for  the  third  time  and  Avere  associated  with  marked 
anorexia  and  occasional  vomiting.  During  the  6  months  prior  to  admission,  the 
patient  had  lost  about  12  pounds  in  weight. 

Physical  examination  on  admission  was  noncontributory.  Hemoglobin  was 


Case  65,  Fig.  IB.  After  evacuation  of  the  enema,  the  terminal  ileum  shows  irregular 
contractility.  Fine  spiculction  of  its  lateral  border  is  more  evident.  The  mucosal  pattern 
on  the  ileal  side  of  the  ileocecal  valve  (arrov/j  is  coarse  and  irregular. 
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1  1.(1  grains,  white  1)1()(kI  count  r),S()()  with  31%  segmented  polys  and  44%  iiou- 
spgmented  polys.  Sedimentation  rate  was  consistently  elevated.  The  stool 
showed  occult  blood  on  several  occasions  but  was  negative  for  ova  and  parasites. 
Serologic  tests  for  amebiasis  and  enteric  organisms  were  negative. 

Ke\  iew  of  films  taken  during  the  course  of  barium  enema  examination  7 
months  prior  to  admission  to  the  hospital  (Figs.  lA  and  IB)  show,  in  retrospect, 
minimal  findings — which  n^ust  be  considered  to  be  the  earliest  changes  on  roent- 
gen examination  in  granulomatous  ileitis.  The  terminal  ileum  shows  no  limitation 
in  distensibility  but  on  the  contrary  appears  to  be  somewhat  more  distensible 
than  would  be  anticipated.  Moreover,  along  the  lateral  contour  of  the  terminal 
ileum  there  is  a  distinct  flattening  of  the  border  with  slight  spiculatiou.  After 
evacuation  of  the  enema,  the  terminal  ileum  shows  irregular  contractility  and 
the  spiculatiou  of  the  border  is  more  apparent.  Moreover,  the  mucosal  pattern 
in  the  region  of  the  ileocecal  \  alve  appears  thickened  and  irregular.  A  second 
barium  enema  examination  (Fig.  2A  and  2B),  (i  months  later,  showed  obvious 
limitation  in  disten.sibility  of  the  terminal  ileiun  o\'er  a  distance  of  about  3  inches 
wdth  marked  irregularity  of  the  mucosal  pattern  and  fine  and  coarse  serration  of 
the  contours  of  this  segment.  These  findings  were  confirmed  by  re-examination 


Case  65,  Fig.  2A.  Barium  enema  examination  6  months  later  shows  marked  spasticity 
of  the  terminal  ileum  with  a  grossly  abnormal  mucosal  pattern. 
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Case  65,  Fig.  2B.  After  evacuation,  the  abnormal  mucosal  pattern,  the  spiculation 
and  the  irregular  contractility  of  the  terminal  ileum  are  more  prominent. 

after  admission  and,  in  view  of  the  clinical  picture,  must  be  considered  to  be 
due  to  terminal  granulomatous  ileitis. 

The  patient  again  responded  promptly  to  symptomatic  and  antibiotic  therapy 
and  was  discharged  for  further  observation. 

Final  Diagnosis:  Termixal  GRANaiLOMATors  ileitis,  earliest  roextgen 

FINDINGS. 

CASE  NO.  6G 

A  40  year  old  white  male  was  admitted  for  the  third  time.  He  had  been  treated 
for  a  malignant  melenoma  of  the  right  temporal  area  which  had  been  discovered 
about  a  year  and  a  half  prior  to  admission.  At  that  time,  the  lesion  was  widely 
excised  and  a  skin  graft  applied.  Nine  months  later,  however,  further  excision 
had  to  be  performed  because  of  the  appearance  of  nodules  above  and  below  the 
area  of  the  graft.  On  the  current  admission,  there  was  evidence  of  widespread 
metastatic  disease  but  of  particular  interest  was  the  roentgen  examination  of  the 
chest  (Fig.  1),  which  showed  innumerable  small  nodular  densities  thi'oughout 
both  lungs.  These  were  confirmed  at  necropsy. 

This  case  is  presented  because  of  the  resemblance  of  the  chest  film  to  a  large 
number  of  benign  conditions  characterized  by  "miliary"  infiltrations.  The  diag- 
nosis of  metastatic  carcinoma  is  rarely  considered  in  such  instances. 

Final  Diagnosis:  Miliary  dissemixatiox  of  melaxocarctxoma  to  the 

LUXGS. 
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Case  66,  Fig.  1.  See  text. 

CASE  NO.  67 

This  was  the  second  admission  of  a  60  year  old  white  male  who  6  years 
previously  had  been  operated  on  for  "intracystic  papillary  carcinoma  of  the  thy- 
roid". A  second  operation  was  performed  3  months  after  the  first  and,  subse- 
quent to  this,  he  received  radiotherapy  to  the  neck.  Three  years  prior  to  admis- 
sion, he  noted  a  swelling  of  the  right  side  of  the  neck  and  was  adrnitted  to  the 
hospital  for  a  neck  dissection.  A  large  mass  adherent  to  the  larynx  was  resected 
but  complete  removal  was  impossible  because  of  invasion  of  the  trachea.  Silver 
clips  were  placed  around  the  periphery  of  the  I'esidual  tumor  and  radiotherapy 
applied  post-operatively.  In  the  year  and  a  half  l:)efore  admission,  he  had  lost 
40  pounds  in  weight  because  of  anorexia  and  3  months  before  admission  developed 
a  hacking  cough  and  dull  pain  in  the  lower  thorax  bilaterally  and  on  elevating 
the  right  arm. 

Roentgen  examination  of  the  chest  (Fig.  1),  showed  a  large  numl^er  of  nodular 
densities  throughout  both  lungs  most  of  which  are  about  1  cm.  in  diameter  but 
several  larger  lesions  up  to  2  or  3  cm.  were  also  noted.  Below  the  glenoid  fossa 
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Case  67,  Fig.  1.  Examination  of  the  chest  shows  a  very  large  number  of  nodular 
densities  throughout  both  lungs.  Most  of  these  are  about  1  cm.  in  diameter  but  several, 
particularly  in  the  mid-portion  of  the  right  lung,  are  2  or  3  cm.  in  diameter.  Belov/  the 
right  glenoid  fossa  (arrow),  there  is  an  ovoid  lucent  zone  with  sclerotic  margins.  Metallic 
clips  in  the  neck  were  placed  around  the  residual  tumor  adherent  to  the  trachea. 

of  the  right  scapulu,  :ilong  the  axillary  margin  of  the  bone,  there  was  an  ovoid 
lucent  zone  with  a  somewhat  sclerotic  periphery.  Radioiodine  uptake  studies 
demonstrated  uptake  in  the  neck,  in  the  chest  and  over  the  right  scapula. 

The  case  is  presented  to  emphasize  the  fact  that  metastases  to  the  lungs  from  a 
papillary  carcinoma  of  the  thyroid  are  often  characteristically  very  numerous, 
small  and  nodular.  They  usually  grow  slowly  and  may  persist  for  several  years. 
The  expanding  character  of  the  metastasis  in  the  scapula  is  also  frequently  seen 
in  metastases  from  the  thyroid  which  grow  slowly,  particularly  the  so-called 
benign  metastasizing  thyroid  adenoma. 
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A  therapeutic  dose  of  100  niillicuiies  of  iodine  was  administered  to  this 
patient  without  incident  and  he  was  discharged  for  further  fohow-up. 

Final  Diagnosis:  Fapillahy  carcinoma  of  the  thyroid  of  long  standing; 

TYPICAL  pulmonary  AND  BONY  METASTASES. 

CASE  NO.  68 

This  was  the  first  admission  of  a  50  year  old  white  female  with  the  chief  com- 
plaint of  epigastric  pain  of  3  days  duration.  On  each  of  these  3  days,  she  had 
passed  a  tarry  stool  and  vomited  non-bloody  material.  For  several  years,  she 
had  also  complained  of  so-called  hunger  pain  relieved  by  food.  Seven  years  prior 
to  admission,  a  cholecystectomy  had  been  performed  without  incident. 

Examination  on  admission  was  non-contributory  except  for  the  sensation  of  a 
mass  in  the  epigastrium  and  moderate  anemia. 

Barium  meal  examination  (Fig.  1),  showed  marked  delay  to  the  exit  of  barium 
from  the  stomach  which  was  ([uite  distended.  A  very  bizarre  appearance  was 
seen  in  the  region  of  the  pylorus  and  the  duodenal  bulb.  These  landmarks  could 
not  be  identified.  Instead,  there  was  evidence  of  a  large  globular,  sharply  demar- 


Case  68,  Fig.  1.  On  barium  meal  examination,  there  was  marked  delay  in  gastric 
emptying.  The  normal  landmarks  antrum,  pylorus  and  duodenal  bulb  cannot  be 
identified.  Instead,  a  large  ovoid  filling  defect  occupies  and  markedly  distends  the 
region  of  the  duodenal  bulb.  A  thin  cresentic  barium  line  outlines  a  portion  of  the  pe- 
riphery of  the  tumor  (arrow)  and  parallel  elongated  folds  (arrow)  cap  it  distally.  These 
folds  suggest  the  so-called  "coiled  spring"  appearance  seen  in  intussusception.  The  de- 
fect extends  into  the  region  of  the  antrum  and  the  folds  extending  to  the  greater  cur- 
vature appear  to  be  pulled  toward  it. 
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Case  68,  Fig.  2.  Re-examination  3  days  later  shows  the  normal  landmarks  to  be 
restored.  The  sharply  demarcated  filling  defect  is  now  seen  in  the  middle  of  the  body 
of  the  stomach  (arrow). 

cated  filling  defect  which  appeared  to  occupy  the  anticipated  position  of  the 
duodenal  bulb  with  an  associated  defect  or  deformity  of  the  antrum.  The  duo- 
denal folds  beyond  the  tilling  defect  appeared  to  be  stretched  around  it. 

The  appearance  demonstrated  in  Fig.  1  is  characteristic  of  a  tumor  arising  in 
the  stomach  and  prolapsing  into  the  duodenal  bulb  and  pulling  a  portion  of  the 
gastric  wall  with  it.  The  smooth  surface  and  sharp  demarcation  of  the  filling 
defect  are  characteristic  of  an  intramural  neoplasm,  usually  a  leiomyoma.  The 
diagnosis  was  therefore  made  of  a  gastroduodenal  intussusception  due  to  a  gastric 
myoma.  This  was  confirmed  by  a  repetition  of  the  l)arium  meal  e.xamination  3 
days  later  at  which  time  the  patient's  symptoms  had  subsided  considerably. 
On  this  examination  (Fig.  2),  barium  left  the  stomach  promptly.  The  pylorus 
and  the  duodenal  bulb  could  l)e  easily  outlined  and  within  the  body  of  the  stom- 
ach there  was  a  large  ovoid  filling  defect  which  coi-respondetl  to  the  defect  seen 
on  the  previous  examination  in  the  duodeiuun. 

At  laparotomy,  a  local  I'esection  of  an  intranuii'al  gastric  myoma  was  per- 
formed. The  post-operative  course  of  the  patient  was  uneventful. 

Final  Diagnosis:  (Jastuoduodenal  intussusception  due  to  a  myoma. 
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RENAL  FAILURE  20  Yl-LVRS  ALTER  NEI'HUECTOMY 

Edited  by 
FENTON  8CHAFFNER,  M.D. 

A  70  year  okl  white  male  retired  post  office  worker  was  adinitted  to  The 
Mount  Sinai  Hospital  on  1/20/58  because  of  inability  to  urinate  for  two  days. 

He  had  gi-adually  increasing  urinary  frefjuency  dui-ing  the  previous  18  months 
^  until  he  was  \-oiding  every  one  to  two  hours  during  the  day  and  two  to  three 
times  at  night.  He  also  had  increasing  burning  on  urination  and  terminal  drib- 
bling. I''or  the  week  prior  to  admission,  he  had  difficulty  in  voiding  and  had  to 
be  catheterized  on  the  day  before  the  day  of  admission.  He  also  stated  that 
he  had  some  tightening  in  his  chest  on  exertion  and  some  back  pain  on  and  off 
since  1953. 

Past  history  included  diphtheria  and  scarlet  fever  as  a  young  child,  tonsillec- 
tomy in  1894,  malaria  in  1909  (the  last  attack  occurred  in  1916),  sprue  (in  the 
Army  in  the  Philippines)  during  1910,  removal  of  left  turbinate  bone  in  1913, 
right  nephrectomy  followed  by  incision  and  drainage  of  postoperative  abscess 
in  1937,  during  1939-1940,  he  had  right-sided  abdominal  pain  because  of  which 
he  was  hospitalized  but  no  diagnosis  was  made,  right  ureterectomy  for  stones 
and  infection  in  1941,  hemoi'rhoidectomy  followed  by  hemorrhage  in  1943, 
herniorrhaphy  in  1945,  angina  in  1948,  glaucoma  and  osteoarthritis  of  the  back 
in  1950,  coronary  thrombosis  and  hypertension  in  1951,  lileeding  peptic  ulcer 
during  1953-54,  and  peptic  ulcer,  bleeding  hemorrlioids  and  hypertension  in 
1957. 

Between  hospital  admissions  the  patient  was  followed  in  the  Out-Patient 
Clinic  during  195G-58.  X-rays  revealed  a  hiatal  hernia,  a  deformed  duodenal 
bulb,  a  normal  colon,  osteoarthritis  of  the  spine,  a  normal  cystogram,  no  visuali- 
zation on  an  intravenous  pyelogram,  vascular  calcifications  on  both  sides  of  the 
pelvis,  and  an  irregular  oval  calcific  density  below  the  left  sacroiliac  joint.  Clinic 
laboratory  tests  showed  1-|-  albumin  in  the  urine  with  a  specific  gravity  of  1.017, 
1-3  WBC/HPF,  and  0-3  finely  granular  casts,  a  normal  hemogram,  BUN  28 
mg.  %  (in  1956),  calcium  9.5  mg.%,  phosphorus  2.6  mg.%,  uric  acid  6.2  mg.%, 
and  normal  liver  function. 

Physical  examination  revealed  the  patient  to  be  a  well  developed,  well  nour- 
ished man  in  obvious  distress.  Temperature  was  99.2°F.,  pulse  88  and  regular, 
respirations  24,  and  blood  pressure  190/110.  Intraocular  pressure  was  increased 
on  the  right .  The  teeth  were  in  poor  repair.  The  heart  was  enlarged  to  the  left 
but  no  murmurs  were  heard.  Breath  sounds  were  decreased  throughout  the 
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luiij!;s  l)vi(  no  ;i(l\ciititi;il  soiiiids  were  hcurd.  A  right  flunk  scjir  was  noted  and 
tenderness  was  elicited  in  the  Ict'l  flank.  No  organs  or  masses  were  felt.  Slight 
edema  of  the  ankles  was  present.  A  left  varico(;ele  was  felt  and  the  jirostate  was 
3+  enlarged,  firm  and  smooth. 

Urinalysis  showed  the  specific  gravity  of  1.010,  1+  albumin,  no  sugar,  28-88 
WBC/HPF,  with  5-10  clumps,  casts  and  bacteria.  Hemoglobin  was  11.2  (}., 
WBC-  (),()00  with  59  %  neutrophils  and  7  %  band  forms.  BUN  was  82  mg.  %,  blood 
sugar  76  mg.  %,  uric  acid  5.9  mg.  %,  acid  and  alkaline  phosphatase  3.2  and  0.0 
KA  units  respectively.  Serologic  test  for  syphilis  was  negative.  Chest  x-ray 
was  negative  and  minutes  after  dye  was  injected,  the  renal  collecting  system 
was  faintly  and  incsompletely  delineated  on  the  left.  Cystogram  showed  prostatic 
enlargement. 

Two  days  after  admission,  the  patient  w-as  cystoscoped  and  some  hemorrhagic 
areas  were  seen  on  the  anterior  wall  of  the  bladder.  A  suprapubic  cystostomy 
and  bilateral  vasectomy  were  performed  with  biopsy  of  the  hemorrhagic  area 
in  the  bladder.  The  biopsy  was  reported  as  only  inflannnation.  The  patient  was 
well  for  one  week  except  that  his  temperature  reached  100°F.  almost  every  day. 

One  week  after  cystoscopy,  he  had  a  chill  and  fever  to  104. 2°F.  and  left  kidney 
tenderness.  No  malarial  organisms  were  found  and  blood  cultures  were  negative. 
No  urinalysis  was  reported  but  urine  culture  grew  pneumococcis  and  enterococci. 
Sedimentation  rate  was  112  mm./hr.  WBC  was  11,600  and  hemoglobin  9.8  G. 
He  was  given  various  antibiotics  and  the  fever  subsided,  but  he  developed  upper 
abdominal  and  anterior  chest  pain  with  vomiting.  Pulse  was  78  and  blood 
pressure  120/80.  Electrocardiogram  showed  an  old  infarction  with  recent 
nonspecific  changes. 

One  week  later,  BUN  was  76  mg.  %  and  the  cystotomy  tube  was  changed  under 
general  anesthesia.  The  patient  continued  to  vomit  and  then  twitch.  Urinary 
output  remained  over  1,000  cc.  per  day  but  the  patient  became  weaker.  Blood 
pressure  dropped  to  102/78  and  rales  were  heard  all  over  the  chest.  Chlorides 
were  85  meq./L.,  sodium  109  meq./L.,  potassium  4.9  meq./L.,  BUN  86  mg.  %, 
and  CO2  15.1  meq./L.  He  lapsed  into  coma  and  expired  after  25  days  in  the 
hospital. 

Dr.  Louis  Soffer*:  We  have  a  man  of  70  who  had  had  a  right  nephrectomy 
about  20  years  ago.  Twenty  years  later,  before  he  developed  the  symptoms  sug- 
gestive of  prostatism,  he  began  to  show  evidence  of  progre.ssive  renal  failure, 
characterized  by  a  mild  elevation  of  the  blood  urea  nitrogen  and  failure  of  the 
left  kidney  to  visualize.  He  subsequently  developed  symptoms  of  prostatism 
and  hypertrophy  of  the  pro.state  with  further  destruction  of  whatever  paren- 
chyma of  the  kidney  he  had  remaining  on  the  left  side. 

When  he  came  into  the  hospital,  he  had  uremia,  lapsed  into  coma  and  died. 
Before  he  ceased,  we  find  that  the  serum  sodium  level  and  the  chloride  level  were 
markedly  reduced.  He  had  a  mild  acidosis.  Can  we  put  all  this  together? 

The  first  impression  one  might  have  would  be  that  this  man,  aged  70  had 
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l)r()statisin  with  hypertroplw  of  the  prostate,  on  which  was  superimposed  an 
infection  of  the  left  kidney,  destruction  of  renal  parenchyma,  and  uremia.  The 
arj^uments  against  this  thesis  are  obvious  in  the  sense  that  evidence  of  renal 
failure  occurred  before  he  developed  evidence  of  prostatism.  The  hypertrophy 
of  the  prostate  and  the  ascending  urinary  tract  infection  were  added  to  the 
underlying  and  more  significant  renal  disease. 

Our  problem  is  to  uncover  the  nature  of  the  underlying  renal  disease.  I  am 
an  old-fashioned  clinician  and  I  think  in  terms  of  trying  to  explain  the  entire 
clinical  picture,  if  we  can,  on  one  basis.  Twenty  years  ago  he  had  a  right  ne- 
phrectomy and  I  wonder  if  the  nephrectomy  had  anything  to  do  with  the  subse- 
quent development  of  renal  failure. 

What  could  have  been  the  reason  for  the  nephrectomy?  In  the  first  place,  this 
could  not  have  been  a  chronic  diffuse  glomerulonephritis.  There  would  be  no 
conceivable  situation  in  which  the  physician  could  possibly  mistake  a  chronic 
diffuse  nephritis  for  a  surgical  kidney.  I  therefore  do  not  think  he  had  chronic 
nephritis. 

He  could  conceivably  have  had  a  tumor  on  the  right  side  but,  if  he  had,  his 
left  renal  lesion  must  be  completely  unrelated.  I  would  like  to  think,  however, 
of  one  clinical  entity.  Consequently,  I  do  not  think  he  had  a  tumor. 

It  is  very  possible  and  perhaps  even  likely  that  he  had  recurrent  renal  calculi 
on  the  right  side  and  that,  as  a  result  of  such  recurrent  renal  calculi  he  developed 
destruction  of  the  right  renal  parenchyma,  hydronephrosis,  and  therefore  the 
right  nephrectomy.  If  so,  it  is  possible  that  the  reason  he  had  trouble  with  his 
left  kidney  was  the  development  of  recurrent  left  renal  calculi.  The  same  process 
now  involves  the  left  side  as  had  occurred  with  the  right.  This  is  a  very  reasonable 
hypothesis,  it  seems  to  me. 

However,  I  am  troubled  by  two  features.  In  the  first  place,  this  was  a  man 
with  many  medical  experiences  and  at  no  time  is  there  any  mention  in  the 
history  to  the  effect  that  he  ever  had  kidney  stones.  Is  it  conceivable  that  a 
man  could  have  had  a  nephrectomy  on  the  right  side  due  to  stones  and  recurrent 
renal  calculi  on  the  left  side  without  his  knowledge  of  this  fact?  I  am  hard- 
pressed  to  believe  this. 

In  the  second  place,  as  far  as  I  can  tell  from  the  intravenous  pyelograms  on 
the  two  occasions  in  which  they  were  done  in  1956  and  again  in  1958,  there  is 
no  mention  of  left  renal  calculi.  Therefore,  unless  I  were  to  assume  that  he  had 
uric  acid  stones  which  are  not  roentgenologically  visible,  I  would  have  expected, 
since  ours  is  a  good  hospital  and  the  intern  staff  competent,  that  this  possiblity 
would  have  been  looked  for  and,  if  found,  mentioned.  However,  there  is  no 
mention  of  it.  Therefore,  I  am  inclined  to  think  that  he  did  not  have  uric  acid 
stones  and  the  x-rays  do  not  show  any  left  renal  calculi. 

Although  this  seems  like  a  very  good  possibility,  I  am  hard-driven  to  accept 
it  in  view  of  the  absence  of  any  history  and  in  view  of  the  fact  that  on  x-ray  he 
shows  no  stones  at  present  nor  has  he  in  the  past,  as  far  as  we  can  tell.  What 
can  it  be  that  would  involve  the  removal  of  the  kidney  on  the  right  side  and 
be  associated  with  the  destruction  of  the  kidney  on  the  left  side  over  a  period 
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of  two  decades?  It  is  possible  that  he  had  a  cyst  of  the  ngUi  kidney  and  that  he 
bled  into  the  cyst.  A  large  mass  was  felt  and  he  was  therefore  operated  upon. 
If  he  had  a  solitary  cyst  in  the  right  kidney,  that  still  would  not  explain  the 
fact  that  he  had  left  renal  failure  .sub.setjuently.  However,  it  is  possible  that  he 
may  have  had  multiple  cysts  of  the  right  kidney  which  the  surgeon  had  not 
expected.  One  of  the  possibilities  which  we  have  to  entertain,  therefore,  is  the 
possibility  that  this  is  really  a  case  of  polycystic  kidneys,  that  a  right  nephrec- 
tomy was  performed  because  he  bled  into  one  of  the  cysts  and,  since  the  surgeon 
had  not  expected  polycystic  kidneys,  encountered  difficulties  which  recjuired  a 
nephrectomy.  If  this  thesis  is  correct,  then  the  left  kidney  too  was  the  site  of 
multiple  cysts  and  the  patient  subsequently  developed  renal  failure  on  this 
basis.  This  is  a  very  good  possibility. 

There  is  one  serious  drawback  to  this  thesis  and  that  is  the  fact  that  the  pa- 
tient was  70  years  old.  Polycystic  kidneys  most  frequently  occur  in  a  younger 
age  group  and  they  get  into  difficulties  in  the  fourth,  fifth  and  sixth  decades. 
Half  of  the  patients  have  hypertension.  They  may  or  may  not  have  a  palpable 
mass  on  one  side  or  the  other  and  they  fre(}uently  .show  hematuria. 

To  me,  the  patient's  advanced  age  is  the  major  obstacle  to  the  diagnosis  of 
polycystic  kidney.  If  we  assume,  and  I  am  making  this  assumption  that  the 
right-sided  nephrectomy  was  related  to  the  subsequent  development  of  renal 
damage  on  the  left  side,  then  I  am  forced  to  only  two  conclu.sions.  One  is  that 
this  man  has  pyelonephritis.  In  a  male,  this  is  almost  always  due  to  renal  calculi 
and  here  we  have  no  evidence  of  recurrent  renal  calculi  or  calculi  at  any  time. 

Secondly,  that  he  had  polycystic  kidneys.  I  would  gladly  embrace  the  second 
possibility.  I  am  bothered  by  his  age  of  70  but,  nevertheless,  of  these  two  pos- 
sibilities, I  think  that  polycystic  kidney  is  the  better  one. 

We  come  to  another  point  in  the  story  that  is  important,  a  serum  sodium  of 
109  meq./L.  and  chlorides  of  85  meq./L.  before  he  died.  In  renal  failure,  sig- 
nificant hyponatremia  occurs  but  the  present  clue  seems  inordinately  low  and 
suggestive  of  adrenal  failure.  But  there  is  nothing  in  the  clinical  picture  reminis- 
cent of  Addison's  disease.  Despite  the  marked  reduction  of  the  serum  soilium 
level,  the  serum  potassium  value  is  normal.  We  must  assume,  therefore,  that  the 
hyponatremia  is  specifically  related  to  the  kidney  damage. 

In  the  1940's,  Thorn  described  a  syndrome  which  he  referred  to  as  a  salt 
losing  nephritis.  This  generally  occurred  in  young  people  with  pyelonephritis  or 
chronic  diffuse  glomerulonephritis.  Within  the  past  few  years,  this  .syndrome 
has  also  been  described  in  patients  who  have  ingested  large  amounts  of  alkali. 
This  is  why  I  bring  this  up. 

This  patient  has  a  history  suggestive  of  an  ulcer.  There  is  no  evidence  that  he 
(!onsumed  large  amounts  of  alkali,  but  it  is  possible.  Such  patients  may  develop 
tubular  damage  as  a  result  of  tubular  calcinosis. 

I  would  suggest  the  following.  This  man  of  70  probal)ly  had  polycystic  kidneys. 
He  may  very  well  have  had  recurrent  renal  calculi  with  pyelonephritis  but  I 
cannot  accept  this  diagnosis  on  the  basis  of  the  available  clinical  data.  I  think 
he  probably  has,  in  addition,  an  ascending  vu-inary  tract  infection  .secondary  to 
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tilt"  liypci'ti-ophy  of  ihv  prostate  hut  this  is  only  an  added  insult  to  tlie  already 
exist in>2;  underlying  renal  injury.  1  think  it  possil)le  that  he  has  ingested  con- 
siderable amounts  of  alkali  with  resultant  cakunosis  of  the  tubules  and  a  salt 
losing  syndrome,  and  finally  coronary  artery  disease.  He  succumbed  to  the 
uremia. 

I  want  to  call  on  Doctoi'  Swick  to  review  the  x-rays  and  then  we  will  discuss 
this  prol)lem. 

Dr.  Aloses  Swick*:  This  case  presents  rather  interesting  facets.  This  patient 
was  admitted  in  a  state  of  uremia  with  a  history  of  prostatism  and  a  surgically 
accjuired  solitary  kidney.  Back  pressure  from  long-standing  urinary  retention 
incidental  to  prostatic  hypertrophy  affecting  the  kidney  appeared  to  be  the 
most  likely  diagnosis  to  entertain.  Repeated  catheterizations,  each  time  about 
600  cc.  of  urine  being  obtained,  were  required.  One  assumed  the  likelihood  that 
the  uremia  was  on  the  basis  of  prostatic  hypertrophy  with  urinary  retention 
and  also  arteriolar  disease  in  a  hypertensive,  affecting  the  kidney,  probably  in 
association  with  infection  and  ascending  pyelonephritis,  although  the  patient 
had  no  elevated  temperature  on  admission. 

1  do  not  know  what  was  wrong  with  the  right  kidney.  But  it  should  be  stressed 
that  subsequent  to  the  nephrectomy  a  surgeon  removed  a  calculus  and  the  stump 
of  the  ureter  on  that  side  which  was  associated  with  an  abscess  of  that  stump. 
Therefore,  one  must  assume  that  twenty  years  ago  one  was  dealing  with  calculus 
disease  of  the  right  kidney.  Clinically,  it  is  known  that  polycystic  kidney  disease 
may  be  complicated  by  other  entities  such  as  calculosis,  tuberculosis,  tumor  and 
infection.  Let  us  for  a  moment  consider  the  probability  of  polycystic  kidney 
disease  in  this  case.  Less  than  ten  per  cent  of  polycystic  kidney  disease  is  uni- 
lateral. More  important  is  the  report  by  Campbell  on  42  autopsies  in  children 
in  whom,  at  least  microscopically,  he  found  20  cases  of  unilateral  kidney  disease 
although  he  states  that  the  potentialities  of  what  appears  to  be  a  normal  kidney 
on  the  contralateral  side  could  \'ery  well  go  on  to  develop  polycystic  disease  in 
later  life.  An  interesting  feature  of  this  case  is  the  intravenous  pyelogram  done 
in  1956  in  this  hospital.  This  depicted  a  functioning  left  kidney  with  a  relatively 
normal  pattern  at  a  time  when  his  blood  urea  was  28  mg.%.  At  most,  one  can 
state  that  the  kidney  outline  appeared  to  be  hypertrophied.  Certainly,  there  was 
no  calculus  disease  and  nothing  to  suggest  a  polycystic  kidney  in  the  left  remain- 
ing organ.  That  was  one  consideration  that  troubled  us  when  this  patient  was 
last  admitted  to  the  hospital  in  urinary  retention.  One  possibility  entertained 
was  that,  with  a  past  history  of  a  calculus  on  the  one  side,  we  cbuld  perhaps  be 
dealing  with  a  left  upper  vu'inary  tract  obstructive  uropathy  on  the  basis  of  a 
uric  acid  stone.  However,  the  patient's  urinary  output  in  24  hours  was  anywhere 
from  2,000  to  3,000  cc.  Consefiuently,  it  was  reasoned  that  it  was  very  unlikely 
that  the  patient  had  a  completely  obstructive  uropathy  of  the  remaining  kitlnev. 
It  was  also  considered  somewhat  dangerous  to  perform  retrograde  pyelography 
in  a  seriously  ill  patient  in  uremia  and  one  remaining  kidney. 

Clinically,  the  patient  had  been  given  several  trials  at  spontaneous  urination. 

*  Attending  Urologi.st,  The  Mount  Sinai  Hospital. 
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It  \\;is  iVlt  that  loss  of  kidney  reserve  would  \)v  pro<!;r('ssiv('  due  to  the  hack  pres- 
sure el'I'ect  and  infection.  'I'he  hope,  therefore,  was  that  a  cystostomy,  a  rehi- 
ti\ely  simple  procedure,  would  perhaps  improve  the  patient's  renal  status, 
linfortiuiately,  the  postoperative  course  was  one  of  rej^ression  and  death.  One 
would  ordinarily  expect  that  cystostomy  would  improve  the  renal  function 
where  there  is  reversibility  in  cases  of  prostatic  hypertrophy  with  hack  pressure. 
But  this  did  not  occur  in  this  instance. 

Dr.  Sojfcr:  Doctor  Wolf,  is  there  aiiythin«;  on  the  x-rays  of  1950  that  ought 
to  be  of  interest? 

Dr.  Bernard  Wolf*:  The  kidney  was  large,  its  lower  pole  extending  to  the 
crest  of  the  ilium.  The  pyelogram  showed  no  hydronephrosis  and  no  malcon- 
figuration. 

Dr.  Soffcr:  Thank  you  very  much.  Dr.  Levitt,  how  do  you  feel  about  the  level 
of  the  blood  electrolytes  in  this  patient? 

Dr.  Martin  F.  Lemtl\:  Pyelonephritic  and  sometimes  polycystic  kidneys  from 
which  obstructions  are  removed  are  frequently  the  subject  of  a  profuse  salt  and 
water  diuresis.  Electrolyte  levels  as  in  this  patient  occur  in  renal  failure  although 
occasionally  they  may  be  due  to  a  frank  salt  losing  nephritis.  They  much  more 
frequently  result  from  a  fall  in  filtration  rate  and  inability  to  excrete  water  with- 
out sodium,  that  is,  the  inability  to  make  a  dilute  urine.  In  addition,  the  patients 
often  will  be  given  water  without  sodium.  Severe  hyponatremia  is  a  rare  but 
important  phenomenon,  usually  characteristic  of  acute  renal  failure,  and  results 
from  absence  of  awareness  that  such  patients  cannot  be  given  water  with  im- 
punity. Only  a  small  percentage  of  patients  will  develop  it  as  a  consequence  of 
the  actual  loss  of  salt. 

Dr.  Hans  PoppcrX:  I  want  to  congratulate  Dr.  Soffer  on  such  a  fine  analysis. 
The  clinician  should  not  know  the  diagnosis  when  he  discusses  a  case  at  a  clini- 
cal-pathological conference  and  should  come  to  the  correct  diagnosis  as  he  did. 

In  another  institution  21  years  ago,  calcified  areas  in  the  right  lumbar  region, 
which  w'ere  considered  calcified  glands,  were  observed  on  a  flat  plate.  In  May  of 
1937,  it  was  a.ssumed  to  be  a  tumor  of  one  of  the  calices.  For  this  reason  and 
also  because  intermittent  pain  was  present  with  hematuria  but  apparently  no 
urgency,  frequency  or  burning,  the  operation  was  performed  with  a  preoperative 
diagnosis  of  a  possible  carcinoma  of  the  kidney. 

First,  let  us  turn  to  what  we  could  observe  here  when  the  patient  came  to 
autopsy.  The  skeletal  muscles  indicated  what  must  ha\'e  been  a  prolonged  hyper- 
tension, leading  to  spasm  as  well  as  thickening  of  the  arterioles  in  the  muscula- 
ture. 

The  heart  was  enlarged.  It  weighed  .380  grams  and  was  covered  by  a  peri- 
cardial fibrinous  exudate  typically  seen  in  uremia.  In  the  cardiac  chambers,  w-e 
saw  hypertrophy  and  dilatation  of  the  left  chamber,  molding  of  the  papillary 
muscle  and  tral)eculi  carni.  In  the  myocardium,  widespread  .subendocardial 
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fibrosis  extoiulod  far  into  iho  medial  jjortion  of  the  left  ventricle.  The  heart 
nuiscle  fibers  were  encased  in  a  connective  tissue  sheath  which  must  have  inter- 
fered with  contractibihty  as  well  as  with  nutrition.  It  must  have  caused  some 
element  of  myocardial  failure.  The  lumen  of  the  right  coronary  artery  was  con- 
siderably narrowed  and  probably  also  thrombosed,  primarily  because  the  entire 
wall  was  altered.  It  may  ha\'e  been  preceded  by  hemorrhage  six  or  seven  years 
before  death  when  the  myocardial  infarction  took  place. 

There  was  no  pulmonary  arteriosclerosis  but  pneurnonic  foci  of  various  sizes 
were  seen.  These  foci  were  different  stages  of  classical,  rather  recent  broncho- 
pneumonia. 

The  spleen  was  small,  weighing  only  120  grams.  There  was  rather  significant 
arteriosclerosis  with  severe  thickening  of  vessel  walls.  In  the  red  pulp,  some 
reticuloendothelial  hyperplasia  was  presented  but  no  evidence  of  pigment  was 
found  which  we  would  have  expected  with  malarial  history. 

In  the  bone  marrow,  the  most  impressive  finding  was  marked  thickening  of 
the  walls  of  middle-sized  or  small  arteries,  mainly  due  to  intimal  thickening 
of  arteriosclerosis  (Fig.  1). 

The  liver  was  distinctly  yellow  and  fatty.  Small  cysts  were  seen.  A  fat  stain 
showed  rather  extensive  fatty  metamorphosis  extending  up  to  the  portal  tracts 
which  revealed  a  moderate  degree  of  inflammatory  reaction  in  the  presence  of  a 
probably  systemic  inflammatory  or  toxic  process.  Arteriosclerosis  was  seen  also 
in  the  liver,  supporting  the  general  concept  that  this  gentleman  had  severe 
arteriosclerotic  changes  throughout  the  body.  There  was  centrololjular  necrosis 
with  destruction  of  fatty  liver  cells  and  some  pooling  of  blood  suggesting  the 
presence  of  shock.  This  we  expected  to  be  present  from  the  blood  pressure  read 
ings  wliicli  have  been  given.  However,  looking  at  the  liver,  we  found  synnnetrica 


Fig.  1.  Normal  Ijonc  marrow  showing  thick-walled  arteriole.s.  (H  &  E,  X  I'iO). 
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enlargoiuciil  of  the  Iracls  with  cxlciisix'c  prolil'cnit ion  or  excess  of  siiuiil 

bile  ducts  or  ductules  surrounded  by  widened  connective  tissue.  Tfiese  bile  du(;t 
proliferations  with  their  surrounding  fibrosis  seemed  to  connect  with  the  l)ili;u'y 
tree  since  they  contained  bile  (Fig.  2).  These  lesions  are  small  hamartomas  or 
disorganization  of  the  original  structural  development  in  the  embryonic  or  post- 
embryonic  stage.  They  have  been  described  as  Meyenberg  complexes.  Probably 
sometime  during  the  development,  excess  bile  ductular  structure  was  formed. 
While  they  should  have  normally  regressed,  they  persisted  in  large  numbers. 
They  have  little  clinical  significance  although  the  claim  has  been  made  that 
portal  hypertension  may  be  associated  with  such  little  ncjdules.  In  this  case, 
they  assumed  some  importance  because  they  became  dilated  and  filled  with 
fluid,  as  they  occasionally  do.  In  this  liver,  multiple  cysts  of  this  type  were 
present.  This  could  not  have  been  called  a  polycystic  liver  but  multiple  cysts 
were  present.  They  were  lined  with  irregular  epithelium,  proliferating  in  nature 
and  projecting  in  form.  In  some  cysts,  hemorrhage  occurred.  The  fibrosis  and 
hemorrhage  in  the  cysts  will  be  of  interest  to  us  in  reference  to  other  organs  to 
be  discussed. 

If  polycystic  changes  have  been  found  in  the  liver,  they  should  be  looked  for 
in  the  pancreas.  We  saw  cystic  dilatation  in  that  organ  but  this  did  not  look 
like  the  thin-walled  cysts  of  polycystic  disease  of  the  pancreas.  An  advanced 
degree  of  perilobular  and  intralobular  fibrosis  was  found  in  the  pancreas.  We 
also  noted  excess  proliferation  of  ductular  structures  in  the  pancreas,  surround- 
ing normal  islands.  In  the  pancreas,  this  ductular  proliferation  was  far  more 
common  than  in  the  liver  and  resulted  also  from  some  disturbance  of  normal 
development  (Fig.  3).  In  addition,  ducts  were  greatly  dilated  and  filled  with 
fat,  protein  and  pus.  They  probal)ly  were  ductules  with  abnormal  dilatation. 


Fig.  2.  Bile  in  proliferated  bile  duct  showing  connection  with  hiliurv  cvst.  (H  &  E,  X 
240). 
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Fig.  3.  Excessive  ductal  proliferation  in  pancreas  with  surrounding  fibrosis.  (H  &  E 
X  63). 

stagnation,  inspissatioii  and  pus  accumulation.  This  process  involved  even  the 
smallest  ductules  and  probably  resulted  from  a  destructive  type  of  pancreatitis 
with  interstitial  filtrati6n.  In  the  lengthy  history  of  this  gentleman,  42  years 
before  his  death  when  he  was  a  soldier  in  the  Philippines,  he  had  sprue.  I  wonder 
if  he  really  did  have  sprue  or  whether  it  was  pancreatitis  as  a  result  of  cystic 
dilatation  of  ducts  which  may  have  produced  the  lesion  that  subsequently  sub- 
sided. 

In  Doctor  Soffer's  discussion,  I  was  impressed  with  his  correlation  of  the 
peptic  ulcer  providing  the  reason  for  hyponatremia  due  to  alkali  therapy.  We 
demonstrated  the  duodenal  ulcer  just  beyond  the  pylorus  in  the  first  portion  of 
the  duodenum.  This  could  have  developed  one  year  or  five  years  before  death 
but  acute  digestion  was  still  present  and  it  was  progressing  through  thi?  muscle. 
The  small  intestine  and  the  colon  failed  to  reveal  any  changes.  Even  if  the 
gentleman  had  sprue  42  years  ago,  it  had  enough  time  to  cure  itself. 

Now  we  come  to  the  urinary  problem.  The  urinary  bladder  showed  subacute 
cystitis.  It  was  dilated,  somewhat  hyperemic  and  had  a  cystostomy  wound. 
The  prostate  was  large  and  nodular;  a  benign  hyperplasia.  This  was  not  pros- 
tatitis, but  some  estrogenic  effect  was  present  in  this  elderly  gentleman  as 
discerned  from  the  squamous  cell  metaplasia  of  the  prostatic  lining  glands.  This 
incidental  finding  was  associated  with  what  we  would  expect,  namely,  atrophy 
of  the  testes. 

The  adrenals  showed  hyperplasia,  a  stress  phenomenon,  confirming  Doctor 
Soffer's  idea  that  Addison's  disease  was  not  present. 

The  remaining  left  kidney  was  large,  weighed  almost  400  grams,  and  con- 
tained a  large  number  of  cysts  (Fig.  4).  Grossly,  no  evidence  of  infection  could 
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rciKil  pelvis. 

be  demonstrated.  On  cut  section,  the  multiple  cysts  were  seen  to  be  filled  with 
clear  fluid.  In  the  renal  pelvis,  no  ex  idence  of  infection  was  found,  a  witness  to 
the  excellent  urological  care.  As  Doctor  Softer  pointed  out,  the  polycystic  kidney 
usually  becomes  clinically  manifest  in  the  40's,  and  the  two  reasons  are  infection 
or  hypertension.  Here,  despite  the  story  of  obstructive  uropathy,  we  saw  no 
pyelonephritis.  Histologically,  the  cysts  were  present  in  large  numbers.  They 
were  lined  by  undifferentiated  epithelium.  This  is  a  generalized  structure  in  a 
certain  period  of  development  in  the  pancreas,  in  the  liver  and  in  the  kidney. 
The  excess  of  ductulai'  structures,  which  normally  regress,  persisted  and  led  to 
cyst  formation  in  nil  the  organs.  It  was  clinically  of  major  importance  in  the 
kidney.  Some  of  the  cysts  contained  ins[)is.sated  material  and  some  even  calcified 
material  which  fell  out  on  sectioning.  Much  of  the  inspissated  material  was  in 
the  lumen  of  the  cysts  and  some  in  the  many  i)rojerti()ns. 

Very  rarely  were  any  foci  of  infection  found  in  the  kidney  (Fig.  5).  However, 
the  cysts  compressed  renal  parenchyma  between  them  and  excessive  fibrosis 
could  be  demonstrated  (Fig.  G).  In  these  fibrotic  areas,  vascular  changes  were 
evident  (Fig.  7).  The  parenchyma  between  these  cysts  on  gross  inspection  ap- 
peared firm  and  the  architecture  was  not  comjiletely  altered.  Thei-e  was  arterio- 
sclerosis in  the  larger  arteries.  Most  of  the  glomeruli  were  in  fairly  good  condi- 
tion but  severe  elastica  changes  in  the  middle-sized  arteries  and  arteriosclerosis 
of  the  small  ves.spls  were  noted  in  some  areas.  These  were  the  only  places  asso- 
ciated with  glomeiular  (changes.  Fat  stain  revealed  the  fatty  iml)ibitioii  of  the 
small  arterioles  antl  the  fibrosing  glomeruli.  Obliteration  of  tubules  with  atrophy 
was  seen  in  the  surrounding  excess  librosis.  This  has  been  called  atrophic  glomer- 
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Fig.  5.  Minimal  infiltration  with  inflammatory  cells  around  cvst  in  kidnev.  (H  &  E, 
X  120). 


Fig.  6.  Compression  and  fil)rosis  of  renal  parenchyma  between  cj-sts  which  are  lined  by 
flattened  epithelium.  (Mallory  aniline  blue,  X  120). 

iilonephritis  but  there  was  no  nephritis.  It  was  the  result  of  the  impairment  of 
the  glomerular  and  tubular  blood  flow,  with  atrophy  and  flbrosis.  Inflammatory 
changes  were  virtually  absent  except  some  interstitial  fibrosis.  We  were  fortu- 
nate enough  to  get  the  21  year  old  specimen  from  the  other  hospital.  There  was 
some  fibrosis  and  arteriosclerosis  present  at  that  time  but  there  wei'e  also  quite  a 
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Flu.  7.  Tluckcniuj!;  ol  renal  art iTiules  iiuiicating  iu'j)iirosck'rusi,s.  (11  i^:.  E,  X  (53). 


Fig.  8.  Section  of  right  kidiie\-  rcnidvod  20  years  earlier,  showing  cysts  similar  to  those  in 
eft  kidney.  (H  &  E,  X  63). 

large  number  of  large  cy.sts  (Fig.  8).  From  the  slides  and  description  we  had,  we 
could  confirm  the  presence  of  polycystic  disease  but  not  as  far  advanced. 

Why  did  they  remove  the  kidney?  In  one  of  the  cysts,  calcification  and  prob- 
ably hemorrhage  developed.  I  think  that  blood  in  a  cyst  at  that  time,  just  as 
Doctor  Soffer  said,  gave  the  clinical  symptoms.  There  was  a  perfectly  normal 
pelvis  and  perfectly  normal  ureteral  stump  with  no  stone  from  the  description 
and  none  in  the  specimen.  A  stone  formed  latei'  l)ut  this  is  rather  peculiar. 

Trying  to  correlate  clinical  and  pathologic  findings,  we  had  a  patient  with 
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polycystic  disease.  In  the  livei'  we  found  some  cysts  witli  calcilication  and  Meyen- 
berg  complexes.  In  tlu>  panci-eatic  ductules  we  saw  prolit'emtioii,  dilatation,  in- 
spissation,  hesitatingly  called  heal(>d  chronic  pancreatitis,  maybe  connected 
with  the  fatty  liver  he  had  at  the  time  of  death  and  with  the  si)rue  he  had  48 
years  before  death.  Twenty-one  years  before  death,  a  right  nephrectomy  was 
performed  and  a  polycystic  kidney  removed.  Four  years  later  there  were  stones, 
de\eloping  after  the  operation,  removed  from  the  ureteral  stump.  One  of  the 
reasons  for  the  development  of  hypertension  in  the  polycystic  kidn(>ys  is  that 
the  arteries  become  stretched  by  the  developing  cysts.  A  Goldblatt  phenomenon 
is  set  up  and  hypertension  develops.  1  am  well  aware  that  in  a  patient  who  is 
00  years  old,  hypertension  can  develop  without  a  polycystic  kidney.  At  any 
rate,  hypertension  and  arteriosclerosis  having  been  present,  he  developed  a 
coronary  thrombosis  with  subse(|uent  myofibrosis  seven  years  before  death.  He 
had  a  bleeding  ulcer.  He  developed  a  nodular  prostatic  hyperplasia  with  urinary 
retention.  The  combination  of  polycystic  kidney  with  arteriosclerosis  probably 
with  some  contribution  from  the  obstructive  uropathy,  produced  azotemia,  re- 
flected in  the  pericarditis,  acidosis,  anemia,  hyponatremia,  and  finally  death. 

Dr.  Swick:  In  sunnnary,  I  believe  that  this  patient,  20  years  ago,  had  had  a 
stone  in  the  right  kidney  which  had  produced  hematuria,  and  that  the  renal 
stone  had  dropped  down  into  the  ureter.  A  nephrectomy  was  done,  a  ligature 
applied  to  the  ureter  about  the  stone,  leaving  the  stone  in  the  stump  of  the 
ui'eter.  That,  as  we  know  from  experience,  not  infreciuently  follows  with  abscess 
formation  above  the  stump.  Furthermore,  polycystic  kidney  disease  may  show 
no  manifestations  for  a  long  pericxl  of  time.  I  believe  that,  although  there  were 
some  cysts  in  the  I'ight  kidney  that  had  been  removed,  that  primarily  was  not 
an  important  disease  entity  20  years  ago.  It  is  also  evident  that  the  mortality 
rate  in  truly  polycystic  kidney  disease  is  high,  and  that  a  nephrectomy  on  one 
side  is  followed  by  death  in  at  least  half  of  the  cases.  Finally,  this  patient  w^nt 
on  from  1937  to  1958  with  polycystic  kidney  disease  which  I  do  not  feel  was  the 
primary  cause  of  his  demise. 

Final  anatomical  diagnosis:  Polycystic  disease  invoh'ing  kidneys,  pancreas 
and  liver;  benign  prostatic  hypertrophy;  uremia  (clinical)  with  pericarditis; 
generalized  arteriosclerosis;  duodenal  ulcer. 
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ACUTE  CiASTll()L\'ri';S'riXAL  ULCKRATKJX:  A  COMIMJCJATION 
OF  CARDIAC  SUHCERY—A  REVIEW  WITH  A  REPORT 
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Xumerous  stressl'ul  siliiatioiis  have  been  found  to  cxokc  an  ulcerative  response 
in  the  gastrointestinal  tract.  Burns,  trauma,  central  nervous  system  disease 
ixnd  fractures,  have  been  implicated  (1-8).  Major  surgical  procedures  have  been 
particularly  well  documented  as  ulcerogenic  stimuli,  even  though  the  surgery 
may  be  quite  unrelated  to  the  gastrointestinal  tract  (9,  10). 

The  growth  of  cardiac  surgery  within  the  past  ten  years  has  brought  to  surgery 
man\'  patients  with  formerly  untreatable  congenital  and  acquired  heart  disease. 
The  procedures  undertaken  in  these  patients  is  usually  associated  with  great 
stress.  It  would  appear  that  the  acute  stress  of  surgery,  superimposed  on  a 
patient  who  is  frequently  chronically  ill,  would  present  a  maximum  ulcerogenic 
Stimulus.  This  report  confirms  this  situation,  and  emphasizes  a  serious  and 
potentially  letlial  extra-cardiac  complication  of  heart  surgery. 

CASE  REPORTS 

Case  1 

R.  F.,  a  thirteen  year  old  boy,  was  admitted  to  The  Mount  Sinai  Hospital 
because  a  heart  nuu'mur  was  present  since  birth.  Physical  examination  revealed 
a  harsh  systolic  murmur  over  the  base  of  the  heai't,  and  associated  cardiomegaly. 
Cardiac  catheterization  revealed  evidence  of  a  large  left-to-right  shunt,  and 
associated  pulmonary  hypertension.  There  was  no  history  of  gastrointestinal 
disease. 

At  surgery,  a  huge  patent  ductus  arteriosus  was  discovered  and  successfully 
closed.  A  congenital  aortic  stenosis  of  very  mild  degree  was  also  found,  but  this 
was  not  treated. 

For  the  first  four  days,  the  patient  had  an  uneventful  postoperative  course. 
Normal  gastrointestinal  peristalsis  appeared  on  the  third  postoperative  day, 
and  the  patient  was  placed  on  a  soft  diet  which  he  took  well. 

Five  days  after  surgery,  the  patient  developed  massive  hematemesis  and 
melena  estimated  at  two  thousand  cubic  centimeters.  This  was  not  accompanied 
by  abdominal  pain  or  other  prodromal  symptoms.  He  was  treated  with  immediate 
blood  transfusion  totalling  twenty  five  hundred  cubic  centimeters. 

Over  the  next  nine  hours,  the  patient's  condition  remained  stable.  The  only 
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('\i(k'ii('e  (if  j>;astf()iiit('stinal  hkHHliuj;  was  a  luimito  amount  of  f>;uaiac  positive 
material  from  the  naso-gastric  tube.  Nine  hours  after  the  first  bleeding  episode, 
the  patient  had  another  bout  of  hematemesis  and  a  frankly  bloody  stool.  Two 
thousand  cubic  centimers  of  blood  were  required  to  maintain  a  stable  l)lood 
pressure.  Less  than  one  half  hour  after  this  second  bleeding  episode,  the  patient 
developed  sudden  epigastric  pain  and  boai-dlike  rigidity  throughout  the  anterior 
abdominal  wall.  In  less  than  one  minute  the  patient  de\'('l()])(Hl  cyanosis  and 
apnoea,  and  expired. 

A  limited  post  mortem  examination  showed  the  peritoneal  cavity  to  be  (!om- 
pletely  filled  with  blood  and  bubbles  of  gas.  The  area  of  closure  of  the  patent 
ductus  was  intact.  Examination  of  the  individual  organs  was  not  obtained. 

It  was  felt  that  the  patient  had  sustained  an  acute  gastrointestinal  ulceration, 
with  free  perforation  into  the  peritoneal  cavity  as  the  terminal  event. 

Case  II 

M.  I.,  a  fourteen  year  old  boy,  was  admitted  to  The  Mount  Sinai  Hospital 
for  surgical  correction  of  an  interatrial  septal  defect. 

The  defect  was  of  the  septum  secundum  type  and  was  closed  uneventfully, 
utilizing  cardiopulmonary  bypass  with  the  De  Wall  bubble-oxygenator.  Total 
perfusion  time  was  t\venty  two  minutes. 

In  the  early  postoperative  period  the  patient  developed  renal  shutdown,  with 
marked  oliguria  and  a  progressive  rise  of  blood  urea  nitrogen  which  reached  a 
maximum  of  88  milligrams  per  cent  on  the  seventh  postoperative  day.  However, 
ten  days  after  surgery  his  renal  status  improved.  He  had  an  effective  diuresis, 
and  his  blood  urea  nitrogen  returned  to  normal  levels. 

Twenty  one  days  after  surgery,  when  the  patient's  cardiovascular  and  renal 
status  appeared  normal,  he  began  to  pass  tarry  stools.  His  hemoglobin  level  fell 
from  eleven  to  nine  grams  within  twenty  four  hours.  The  patient's  stools  re- 
mained guaiac-positive  for  the  next  seven  days,  during  which  time  his  hemo- 
globin level  was  maintained  at  eleven  grams  by  blood  transfusions  totalling 
twenty  five  hundred  cubic  centimeters.  Following  this,  the  blood  disappeared 
from  his  stools  and  he  reciuired  no  further  transfusions. 

Prior  to  discharge  from  the  hospital,  barium  studies  of  the  gastrointestinal 
tract  showed  scarring  and  deformity  of  the  duodenum,  suggestive  of  a  healing 
peptic  ulcer.  At  no  time  did  the  patient  have  any  abdominal  pain. 

Case  III 

L.  R.,  an  eleven  year  old  boy,  was  admitted  to  The  Mount  Sinai  Hospital  for 
surgical  correction  of  congenital  aortic  stenosis.  An  aortic  commissurotomy  was 
performed  under  direct  vision  utilizing  extracorporeal  circulation  and  potassium- 
induced  cardiac  arrest.  Total  perfusion  time  waxs  fourteen  minutes. 

Two  days  after  surgery  the  patient  began  to  pass  tarry  stools.  Guaiac-positive 
coffee  ground  material  was  aspirated  from  a  naso-gastric  tube.  After  two  days, 
this  gastrointestinal  bleeding  stopped.  He  reciuired  a  total  of  one  thousand 
cubic  centimeters  of  blood  to  maintain  a  hemoglobin  level  of  twelve  grams. 
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Whon  seen  in  lollow-up  clinic  six  months  al'tci-  suif^cry,  llic  paliciil  was  doing 
well  and  had  no  cx  idcncc  of  I'csidiial  gastrointestinal  disease. 

Ciisr  IV 

R.  M.,  a  seventeen  year  old  girl,  was  admitted  to  The  Mount  Sinai  Hospital 
for  surgical  correction  of  an  atrial  septal  defect. 

A  septum  secundum  type  of  defect  was  closed  utihzing  ext lacorporeal  circu- 
lation. Total  perfusion  time  was  eighteen  minutes. 

On  her  foiu'th  postoperative  day,  her  stools  became  guaiac  positive  and  re- 
mained so  for  three  days.  She  had  no  evidence  of  blood  in  the  stomach.  Her 
hemoglobin  did  not  fall,  and  she  required  no  blood  I'eplacement. 

Case  V 

P.  B.,  a  thirty  seven  year  old  male,  was  admitted  to  The  Mount  Sinai  Hospital 
because  of  repeated  bouts  of  sjaicope,  and  episodes  of  cyanosis  of  the  upper  half 
of  his  body  while  in  the  recumbent  position.  A  diagnosis  of  right  atrial  tumor  was 
confirmed  on  angiocardiography. 

At  operation,  myxoma  \mis  removed  fiom  the  right  atrium.  The  opei-ation 
utilized  the  De  Wall  l)ul)l)le-oxygenator.  C'ai'diopulmonary  bypass  lasted  four- 
teen minutes. 

Seven  days  postoperatively,  he  developed  evidence  of  occult  gastrointestinal 
bleeding  which  persisted  for  ti^'e  days.  His  hemoglobin  fell  from  eleven  to  eight 
and  one  half  grams.  He  re(iuired  a  total  of  two  thousand  cubic  centimeter's  of 
blood  over  a  Hve  day  period  to  restore  his  hemoglobin  to  normal  levels,  and  to 
maintain  it  there.  When  evidence  of  bleeding  first  appeared,  his  diet  was  supple- 
mented by  frequent  bland  feedings,  antacids,  and  antispasnujdics. 

The  patient  had  had  no  pi-evious  e\'idence  of  gastrointestinal  disease.  Ab- 
dominal pain  was  absent  thi'oughout  the  bleeding  episode.  A  gastrointestinal 
x-ray  study  was  normal. 

DISCUSSION 

H  isturical  Backcjro  u  nd 

There  is  a  long  history  of  awareness  of  a  relationship  between  stress  and  acute 
gastrointestinal  ulceration. 

Curling  collected  eleven  cases  of  duodenal  ulceration  following  burns,  four  of 
which  he  treated  personally  in  the  wards  of  St.  George's  Hospital  in  London  (1). 
The  first  report  of  ulceration  following  sui'gery  was  given  by  Billroth  who  cited 
a  case  of  fatal  gastrointestinal  hemorrhage  following  surgery  to  decompress  a 
large  retrosternal  goiter  (If). 

Numerous  reviews  began  to  appear  following  these  original  reports,  each 
indicating  the  .seriousness  of  gastrointestinal  bleeding  following  operations  other 
than  those  on  the  bowel. 

Incidence 

Recently  published  investigations  indicate  that  acute  gastrointestinal  ulcera- 
tion is  a  fairly  fi-e(|uent  complication  of  acute  illness.  Alears  found  in  one  thousand 


114 


ISADOUK   KHKKL  AM)   LAWHFATK  1.  ZAUOFF 


cons(M'Utive  autopsies  that  gastric  or  duodenal  ulceration  or  erosion  appeared 
in  'A.2  per  cent  after  excluding  from  the  series  all  cases  where  peptic  ulcer  dis- 
ease was  the  primary  cause  of  death  (12).  McDonnell  and  AlcCloskey  reported 
acute  peptic  ulcers  in  3.2  per  cent  in  two  hundred  and  forty  three  patients  who 
had  died  within  two  months  of  surgical  procedures  in  general  (10). 

The  incidence  of  acute  ulceration  has  varied  rather  widely  with  the  nature  of 
the  acute  illness.  Thus,  Harkens  reported  that  3.8  per  cent  of  those  dying  of 
burns  had  ulcerations  of  the  stomach  or  duodenum,  while  2.2  per  cent  of  those 
dying  of  fractures  had  such  ulcerations  (2).  Davis  et  al.,  reported  that  in  seven 
thousand  neurosurgical  procedures,  merely  0.7  per  cent  showed  melena  in  the 
postoperative  period  (13).  Even  as  a  complication  of  internal  medical  diseases, 
such  as  coronary  occlusion  and  hypertensive  heart  disease,  melena  occurs  with 
the  same  frequency. 

In  our  own  experience,  four  of  the  last  twelve  cases  successfully  undergoing 
open  heart  surgery  have  had  some  evidence  of  gastrointestinal  bleeding  in  the 
early  postoperative  period. 

Etiology 

]More  than  thirty  theories  have  been  adxanced  to  explain  the  relationship 
between  acute  illness  and  ulcer  diathesis. 

Early  theories  suggested  a  neurogenic  mechanism  involving  the  hypothalamus 
and  the  vagus  nerves.  In  1932  Cushing  pointed  out  that  irritation  of  the  hypo- 
thalamus was  liable  to  cause  gastrointestinal  hemorrhage  (14). 

Circulatory  disturbances  have  been  implicated  in  the  pathogenesis.  Penner 
and  Bernheim  in  studying  the  systemic  effects  of  shock,  showed  that  a  large 
number  of  patients  dying  in  shock  had  extensive  gastrointestinal  ulcerations 
(15).  Numerous  investigators  have  produced  diffuse  gastrointestinal  erosions  in 
experimental  animals  subjected  to  shock  induced  by  hemorrhage  or  muscle 
trauma.  Curare  has  been  implicated  in  upper  gastrointestinal  hemorrhage  and 
hemoconcentraition  has  been  shown  to  definitely  abet  the  ulcer  diathesis  (16,  17). 
Baronofsky  and  Wangensteen  have  also  shown  that  portal  hypertension  pre- 
disposes to  erosion  or  ulcer  (18).  Hulten  advanced  an  interesting  theory  based 
on  the  physical  changes  in  blood  following  shock.  He  claimed  that  the  raised 
viscosity  of  the  blood  due  to  hemoconcentration  and  agglutination  of  red  cells 
combined  with  anoxic  changes  in  liver  cells  to  develop  a  state  of  acute  portal 
hypertension  (19).  This  results  in  stasis  in  the  entire  area  of  portal  drainage, 
with  a  tendency  to  epithelial  damage  and  superficial  ulcerations  throughout 
the  gastrointestinal  tract. 

In  assessment  of  the  "shock"  theory  of  etiology,  it  is  worth  mentioning  that 
in  none  of  our  reported  cases  has  prolonged  shock  been  a  feature  of  the  operative 
or  postoperative  period. 

The  theory  which  is  currently  receiving  the  greatest  interest  is  a  hormonal 
one.  Selye,  in  his  classic  experimental  work,  has  shown  that  all  forms  of  stress, 
trauma,  operation,  infection  or  thermal  changes,  evoke  in  the  body  a  massive 
hormonal  response  characterized  by  an  outpouring  of  adrenocorticotrophic 
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lioriuoiic  with  sul)S('(|U('iit  incronsc  in  the  secretion  of  cortisone  (20).  Tliere  is 
good  evidence  that,  adrenocorticotrophic  hormone,  or  cortisone  increases  the 
secretion  of  both  hydrochloric  acid  and  pepsin  in  fi,;istric  juice,  with  a  parallel 
rise  in  the  urinary  pepsinogen  (21,  22). 

Although  we  liave  no  determinations  in  our  own  patients  to  show  the  (luanti- 
tative  changes  in  adrenal  cortical  secretions  in  the  postoperative  period,  it  may 
be  postulated  that  the  stress  of  surgery  evokes  an  increased  secretion  of  such 
hormones.  The  increa.sed  hydrochloric  acid  and  pepsin  secretions  resultant  from 
this  may  play  an  essential  role  in  ulcerogenesis. 

Clinical  Features 

Several  clinical  features  emerge  from  this  study.  Firstlj^  the  acute  ulceration 
may  be  totally  unrelated  to  previous  ulcer  disease.  In  none  of  our  cases  was 
there  previous  gastrointestinal  symptoms  of  any  sort.  Secondly,  there  is  a  wide 
age  distribution.  In  our  series,  the  youngest  patient  was  eleven  years  old  and 
the  oldest  thirty  seven.  It  is  noteworthy  that  the  majority  of  our  patients  were 
very  young. 

The  dominant  clinical  manifestation  is  bleeding.  This  bleeding  may  be  in 
the  form  of  occult  blood  in  the  stool,  melena,  or  frank  hematemesis.  Perforation 
was  a  feature  in  only  one  case,  and  in  this  patient  it  represented  the  terminal 
event.  In  all  cases,  except  Case  III,  the  evidence  of  gastrointestinal  bleeding 
did  not  appear  before  the  fourth  postoperative  day.  In  none  did  it  persist  for 
longer  than  seven  days.  It  is  noteworthy  that  in  none  of  the  cases  was  abdominal 
pain  or  tenderness  a  feature.  In  all  patients,  appetite  was  good  once  the  initial 
postoperative  ileus  had  passed.  Radiographic  studies  of  the  gastrointestinal 
tract  revealed  evidence  of  an  ulcerative  process  in  only  one  patient  (Case  II). 
Erosions  of  the  intestinal  tract  are  notoriously  hard  to  define  radiologically. 

All  patients  reported  here  have  been  seen  in  follow-up  clinic  in  periods  of 
from  one  to  seven  months  following  operation.  In  none,  has  bleeding  or  other 
gastrointestinal  symptoms  reappeared. 

Management 

Arising  without  prodromata,  acute  gastrointestinal  ulceration  must  be  recog- 
nized as  a  cause  of  imexplained  shock  or  anemia  in  the  postoperative  pericjd  fol- 
lowing cardiac  surgery.  All  attempts  should  be  made  preoperatively  to  discover 
those  patients  with  an  ulcer  history  and,  where  possible,  to  give  them  added 
protection.  In  all  patients  undergoing  heart  surgery,  freciuent  examinations  of 
the  abdomen,  and  of  the  stool  for  occult  blood  should  become  a  routine  post- 
operative management.  Where  there  is  any  e\'idence  of  gastrointestinal  bleed- 
ing, this  should  be  treated  \'igorously  with  a  regime  of  frecjuent  feedings,  antacids 
and  antispasmodics.  When  anemia  develops,  it  should  be  corrected  promptly 
with  adequate  blood  replacement. 

The  authors  now  are  of  the  opinion  that  in  those  cases  where  massive  hemor- 
rhage or  perforation  supervene,  a  direct  surgical  attack  should  be  made,  not- 
withstanding the  rather  precarious  state  these  patients  may  be  in  from  their 
earlier  surgery. 
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SUMMARY 

1.  Five  cases  of  gastrointestinal  bleeding  following  cardiac  surgery  are  pre- 
sented. 

2.  The  historical  hackgromid,  incidence  and  theories  of  etiology  of  acute 
gastrointestinal  ulceration  following  surgery  or  trauma  are  discussed. 

3.  Clinical  features  of  the  disease  are  discussed,  enijihasizing  the  absence  of 
prodroniata  ;ind  the  prominence  of  bleeding  as  the  presenting  symptom. 

4.  A  plan  of  management  is  offered  involving  early  detection  and  a  vigorous 
medical  regime. 

5.  Early  surgery  for  severe  bleeding  or  perfoiation  is  advocated. 
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The  great  interest  of  this  depai'tmeiit  in  contraception  is  attested  to  by  the 
fact  that  a  contraceptive  clinic  was  initiated  synchronously  with  the  opening  of 
the  ()l)stetric  division.  Two  features  of  the  clinic  wore  unique.  First,  the  contra- 
cepti\('  clinic  was  made  an  integrated  part  of  the  usual  six  weeks  postpartum 
clinic.  r]ach  patient  who  so  desired  was  given  birth  control  advice  and  care  at 
the  same  time  that  she  was  receiving  her  obstetrical  check  up.  This  eliminated 
an  extra  visit  and  granted  clinic  patients  the  same  superior  care  in  this  area 
which  ordinarily  is  only  given  to  private  patients.  The  second  unicjue  feature 
was  that  The  Mount  Sinai  Hospital  six  weeks  postpartum-contraceptive  clinic 
was  established  as  a  research  clinic  to  compare  the  efficacy  of  various  established 
contraceptive  techniques  and  to  seek  new  methods.  It  is  not  the  purpose  of  this 
paper  to  review  the  work  of  the  clinic ;  this  has  been  done  in  another  publication 
(1).  The  pvu'pose  of  this  discussion  is  to  list  the  various  contraceptive  methods 
now  available  and  in  the  light  of  our  clinical  experience,  and  the  experience  re- 
flected in  current  literature  to  evaluate  them. 

Any  comparative  study  of  the  effectiveness  of  different  contraceptive  methods 
is  liable  to  many  sources  of  error  because  of  differences  between  samples  in 
respect  to  their  socio-economic  level,  motivation,  religion,  home  conditions  and 
degree  of  acceptance  of  the  particular  method  under  analysis.  It  is  clear  that  no 
single  method  of  birth  control  is  at  present  the  most  successful  for  all  couples, 
nor  is  one  method  at  all  times  the  best  for  the  same  couple. 

Pearl,  in  1932  introduced  the  standard  method  generally  employed  for  ex- 
pressing contraceptive  effectiveness  (2).  It  computes  the  "pregnancy  rate  per 
one  hundred  years  of  coital  exposure"  according  to  the  formula: 

^    _  Total  Number  of  Pregnancies  X  1200 
Total  months  of  exposure 

The  factor  "1200"  represents  the  number  of  months  in  one  hundred  years.  This 
formula  permits  the  pooling  of  the  experience  of  many  different  couples  who 
used  the  same  techniciue.  In  arriving  at  the  total  months  of  exposure  a  correc- 
tion is  made  by  deducting  those  months  from  the  total,  during  which  concep- 
tion was  impossible  because  of  existing  pregnancy  or  geographic  separation  of 
the  marital  partners.  All  pregnancy  rates  quoted  for  different  methods  of  contra- 
ception are  computed  by  the  above  formula.  A  pregnancy  rate  of  60  to  80  usually 
is  accepted  as  the  rate  for  couples  using  no  contraception. 

From  the  Dejjartment  of  Obstetrics  and  Gynecology,  The  Mount  Sinai  Hospital,  New 
York,  N.  Y. 
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For  purposes  of  discussion,  we  luive  divided  a\';iilal)ie  methods  of  contracep- 
tion into  three  broad  categories,  (a)  not  medically  approx  ed,  (h)  medically  ap- 
proved, (c)  experimental. 

NOT  MEDICALLY  APPliOVED  METHODS  OF  CONTUACEPTION 

Coitus  intcrrKplus,  or  withdrawal  before  emission,  the  most  primitive  metliod 
of  birth  control,  is  still  extensively  practiced  because  of  its  simplicity  and  ready 
availability.  It  is  unsafe,  giving  no  assurance  of  protection  because  of  uncontrol- 
lable, premature  emission  and  the  fact  that  active  spermatozoa  are  freciuently 
present  in  the  pre-ejaculation  penile  mucous.  Furthermore,  many  couples  find 
this  method  sexually  unsatisfactory  because  of  the  woman's  inability  to  achieve 
orgasm  after  exit  of  the  penis.  In  some  unions  coitus  interruptus  has  an  injurious 
effect  upon  the  psycho-sexual  lives  of  the  marital  partners.  The  pregnane}^  rate 
for  withch-awal  reported  from  New  York  by  Stix  and  Notestein  was  12  (3),  and 
by  Stix  from  Cincinnatti  it  was  38  (4). 

Post-coitaldouche,  even  minutes  after  intercourse,  gives  poor  protection  against 
impregnation  because  of  the  rapid  travel  of  spermatozoa.  This  preventive  is 
used  extensively  in  Europe  and  to  a  more  limited  degree  in  this  country.  The 
rate  of  travel  of  spermatozoa  on  a  glass  slide  is  approximately  ^-i  inch  in  two 
minutes.  Disregarding  the  possibility  of  even  more  rapid  travel  in  the  vagina 
due  to  its  more  favorable  enyiromiient,  it  is  readily  seen  that  spermatozoa  may 
travel  well  beyond  the  reach  of  a  post-coital  douche,  having  attained  the  sanc- 
tuary of  the  cervical  canal  before  the  flood  commences.  The  pregnancy  rate 
imputed  to  the  douche  is  21  (5). 

Intrauterine  rings  and  stems.  Intrauterine  devices  are  mentioned  only  to  be 
thoroughly  condemned  because  of  their  ineffectiveness,  their  potential  source 
for  infection  and  irritation,  as  well  as  their  carcinogenetic  potentialities.  The 
rings  are  flexible,  usually  made  from  silver  or  gold  wire  or  twisted  worm-gut 
shaped  into  a  coil  about  13^^  inches  in  diameter.  They  are  inserted  into  the 
uterus  while  compressed  and  expand  in  the  cavity  of  the  uterine  body.  Intra- 
uterine contraceptive  rings  are  sometimes  passed  spontaneously  as  foreign 
bodies,  many  have  to  be  removed  because  of  bleeding,  and  gestations  have  oc- 
curred and  progressed  to  term  with  the  ring  still  in  place. 

Intrauterine  stems  are  Y  shaped,  made  of  gold  plated  wire  or  hard  rub})er. 
The  base  of  the  Y  disc  is  flush  with  the  external  os  and  the  two  arms  which  are 
held  together  by  a  dressing  forceps  during  the  process  of  introduction,  when  re- 
leased spread  apart  within  the  uterine  cavity  above  the  internal  os  and  anchor 
the  device.  It  is  believed  that  both  intrauterine  rings  and  cervical  stem  pessaries 
function  by  causing  very  early  abortion  soon  after  the  egg  implants.  A  preg- 
nancy rate  is  not  available  for  these  methods  since  they  have  been  rarely  pre- 
scribed in  recent  years. 

MEDICALLY  APPROVED  METHODS  OF  CONTRACEPTION 

The  condom  or  sheath  is  one  of  the  most  popular  methods  of  contraception.  Its 
disadvantages  include;  (a)  dulling  of  sensation,  (b)  the  penis  remaining  in  the 
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\  agina  after  cjaculution  makes  possible  leakage  of  semen  around  the  condom  as 
erection  subsides,  (c)  starting  intercourse  without  the  condom  with  expectation 
of  withdrawal  before  ejaculation,  then  putting  on  the  condom  and  reinserting  it  is 
unsafe  because  of  possible  leakage  of  semen  during  the  first  stage,  and  (d)  hus- 
band's inhibition  to  use  a  condom  because  of  his  psychic  connection  of  it  with 
pre-marital  experiences. 

The  advantages  of  the  condom  are  its  general  availal)ility  and  simplicity  of 
use.  Skillfully  used,  it  furnishes  security  against  impregnation  and  until  experi- 
mental studies  perfect  "the  ideal  method"  contraceptors  will  undoubtedly 
continue  to  use  the  condom.  For  many  couples  the  immediate  evidence  of  pro- 
tection that  the  condom  gives  makes  the  method  particularly  desirable.  Its  use 
is  often  advised  for  intercourse  with  the  uninitiated  virginal  woman  and  the 
multipara  with  a  relaxed  vagina.  The  vulva  or  condom  itself  should  be  well  lubri- 
cated with  a  contraceptive  jelly  or  cream  before  insertion.  Withdrawal  at  the 
conclusion  of  intercourse,  before  complete  shrinkage  of  the  erection,  while  hold- 
ing the  base  of  the  condom  will  increase  its  effectiveness.  Condoms  are  routinely 
tested  by  The  Federal  Food  and  Drug  Administration.  Samples  of  condoms  are 
bought  on  the  open  market  and  tested  for  imperfections  by  means  of  measured 
amounts  of  water.  Since  American  condoms  are  plain  ended,  it  is  advisable  at 
the  time  of  adjusting  the  condom  to  allow  a  small  pocket  to  form  between  the 
glans  and  the  end  of  the  sheath  for  collection  of  the  seminal  ejaculation.  Recent 
publications  by  Tietze  and  Gamble  give  a  pregnancy  rate  for  condoms  from 
6  to  16  (6). 

Diaphragm.  Gi\'en  a  highly  motivated,  intelligent  woman  with  a  good  sub- 
pubic angle,  and  vaginal  tissues  not  excessively  relaxed  by  childbirth  (to  assure 
a  snug  fit  of  the  diaphragm)  who  has  received  not  only  the  proper  size  diaphragm 
but  careful  instruction  in  its  use,  and  who  always  inserts  it  prior  to  vaginal 
penetration  and  before  sex-play,  the  diaphragm  with  jelly  or  cream  probably 
bestows  optimum  contraceptive  protection.  However,  one  must  understand  that 
all  these  conditions  for  perfect  use  are  seldom  met  and  even  when  met  they  may 
not  be  consistently  pi'esent.  For  example,  a  particularly  tiring  day  may  make 
the  ritual  of  diaphragm  insertion  too  tedious.  At  these  times  one  of  the  simpler 
methods  such  as  jellies  or  creams  or  vaginal  tablets  will  certainly  afford  more 
protection  than  a  diaphragm  resting  in  its  container  in  the  vanity  drawer.  It 
is  for  this  reason  that  we  often  prescribe  one  of  the  simpler  methods  instead  of 
the  diaphragm. 

At  The  Mount  Sinai  Hospital  contraceptive  clinic,  we  instruct  the  patient  to 
insert  the  diaphragm  with  the  dome  facing  up  toward  the  cervix,  the  concavity 
toward  the  outside.  As  the  diaphragm  is  compressed  with  the  fingers  or  stretched 
on  an  introducer,  about  an  inch  of  contraceptive  jelly  or  cream  is  placed  in  the 
depression  that  forms  in  the  diaphragm.  The  spermatoxic  material  is  then  spread 
over  the  surface  and  around  the  edges.  After  insertion  of  the  diaphragm  the 
patient  tucks  the  rim  under  the  pubic  bone  and  if  possible  checks  its  position 
by  palpating  the  cervix  through  the  rubber  dome  to  assure  herself  that  the  ex- 
ternal OS  is  covered.  The  diaphragm  should  be  left  in  place  for  at  least  eight 
hours  following  intercourse.  The  (juestion  of  douching  after  eight  hours  is  de- 
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TABLE  1 


Jan.  1953  to  Jan.  1957 

Jan  1953  to  Jan.  1957 

Jan.  1953  to  Jan.  1957 

Jan.  1956  to  Jan.  1957 

Methods  used  

Diaphragm 

Diaphragm 

Gel  alone 

Cream  alone 

with  jelly 

with  gel 

(Prpceptin) 

(Delfcn) 

or  cream 

(Preceptin ) 

Total  women  

271 

269 

458 

137 

Total  months  of  use  . 

2843 

2971 

3728 

633 

Planned  pregnancies. 

17 

21 

37 

1 

Pregnancies*;  incor- 

rect use,  irregular 

use,  etc  

13 

14 

15 

3 

(4.8%) 

(5.2%) 

(3.3%) 

(2.1%) 

Pregnancies;  (con- 

stant use)  

10 

8 

10 

1 

(3.7%) 

(3.0%) 

(2.2%) 

(0.7%) 

Pregnancy  rate; 

Pregnancies  X  1200 

Months  of  exposure 

9.7 

8.9 

8.0 

7.6 

Pregnancy  rate; con- 

stant use  

4.3 

3.3 

3.3 

2.0 

butable.  Although  it  is  unnecessary  for  contraceptive  safety,  experience  shows 
that  many  \vomen  feel  cleaner  douching  at  this  time.  A  strong  antiseptic  is  un- 
necessary, two  tablespoons  of  white  vinegar  to  a  quart  of  warm  water  forms  an 
excellent  douche  mixture.  Most  commercial  douche  powders  are  wholly  accept- 
able, they  are  carefully  buffered  and  have  a  pleasant  deodorant  effect.  The 
pregnancy  rate  at  The  Mount  Sinai  Hospital  contraceptive  clinic  was  nine  for 
the  diaphragm  with  jelly  or  cream,  and  rates  as  low  as  five  have  been  reported 
for  private  patient  groups  (5). 

Cream  or  Jelly.  Investigations  at  The  Mount  Sinai  Hospital  contraceptive 
clinic  confirm  the  effectiveness  of  precoital  vaginal  cream  or  jelly.  A  pregnancy 
rate  of  8  occurred  for  Preceptin®  and  Delfen™.  Instructions  are  simple,  the  in- 
sertion of  an  applicator  filled  with  cream  or  jelly  prior  to  intercourse.  The  ap- 
plicator being  a  plastic  injector  which  is  screwed  on  to  the  tube,  filled,  unscrewed 
and  its  five  cc.  contents  injected  into  the  upper  vagina. 

Given  routinely  at  the  time  of  the  six  weeks  postpartum  obstetric  checkup  in 
the  clinic,  the  simpler  methods  of  conception  control  have  been  most  valuable, 
for  not  only  were  they  more  readily  and  widely  accepted,  but  they  could  also 
be  more  easily  explained  and  used  by  (a)  women  with  language  difficulties,  (b) 
women  whose  limited  intelligence  could  not  grasp  instructions  readily,  (c)  pa- 
tients reporting  unplanned  pregnancies  with  the  more  complicated  methods 
refusing  to  accept  their  prescription  again,  (d)  women  who  refused  complicated 
methods,  and  (e)  women  with  poor  motivation  toward  conception  control. 
Table  I  presents  data  concerning  methods  prescribed  for  1135  women  attending 
the  six  weeks  postpartum  contraceptive  clinic  and  also  gives  the  pregnancy  rates 
for  each.  The  months  of  use  by  women  claiming  constant  use  for  a  method  ranged 
from  2  to  22  months.  Finklestein,  Guttmacher  and  Goldberg,  in  their  study, 
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calculated  the  pregnancy  rate  l)y  eliminating  tliose  pregnancies  "apparently 
due  to  lapses  in  use  or  unwillingness  to  follow  directions"  (7).  We  have  made  a 
similar  correction  to  establish  the  pregnancy  rate  for  each  method  in  the  table. 
Since  the  cream  alone  method  has  been  a\'ailable  for  such  a  short  period  it  would 
be  incorrect  to  draw  exact  comparisons  in  regard  to  it. 

Suppositories.  One  of  simplest  methods  of  contraception  is  the  intravaginal 
suppository.  It  is  easy  to  use  and  offers  no  disposal  problem  at  the  conclusion 
of  intercourse.  Contraceptive  suppositories  usually  made  with  a  cocoa-butter 
or  from  a  glycero-gelatin  base,  melts  at  body  temperature  in  seven  to  twelve 
minutes.  The  fact  that  the  suppositories  melt  at  temperatures  above  i)8  degrees 
and  therefore  must  be  stored  in  the  ice  box  in  some  climates  and  the  additional 
fact  that  they  may  dissolve  imperfectly  retard  their  usefulness.  Pregnancy  rates 
for  suppositories  range  from  22  to  27  as  reported  by  Tietze  and  Gamble  (8),  and 
Eastman  and  Seibles  (9). 

Cervical  cap.  A  cervical  cap  is  difficult  to  fit  properly  and  furthermore,  the 
patient  must  be  capable  of  removing  and  reapplying  it  herself.  This  is  almost  im- 
possible in  the  nullipara;  its  application  and  removal  is  easiest  for  the  multipara 
with  some  vaginal  relaxation  and  cervical  decensus.  The  cervical  cap  must  fit 
so  securely  that  impingement  of  the  penis  will  not  displace  it.  The  dome  shaped 
cap  is  made  either  of  plastic  or  rubber  and  filled  with  a  contracepti\'e  jelly  before 
its  application.  It  may  remain  in  place  for  days.  Its  effectiveness  is  high,  Tietze 
et  al.,  reported  a  pregnancy  rate  of  eight  (10). 

While  limitations  of  the  method  must  be  realized,  the  woman  with  a  healthy 
cervix  which  has  the  proper  anatomical  relationship  to  a  \-agina  suitable  for  the 
method,  and  who  has  sufficient  intelligence  and  moti\'ation  to  use  a  cervical 
cap  correctly  possesses  a  very  reliable  method  of  contraception.  I^nfortunately, 
too  few  women  have  all  the  qualifications. 

Rhythm.  Khythm  is  based  on  the  premise  that  the  time  of  oxulation  is  l)oth 
constant  and  predictable.  However,  because  of  the  irregularity  of  o\ailation  and 
the  unreliability  of  tests  to  pin  point  its  exact  time  of  occurrence  this  method 
has  many  failures.  Furthermore,  neces.sity  to  suppress  the  coital  impulse  during 
the  fertile  phase  of  the  menstrual  cycle  limiting  intercourse  to  a  segment  of  the 
cycle  is  an  additional  argument  against  its  prescription.  Ovulation  probably 
takes  place  14  (plus  or  minus  2)  days  before  the  first  day  of  the  next  menstrual 
flow.  The  egg  is  only  fertilizable  for  12  hours  and  w'ithin  the  human  female 
spermatozoa  retain  their  ability  to  initiate  conception  for  about  48  hours.  There- 
fore if  a  woman  always  had  the  same  length  cycle,  for  example  28  days,  and  she 
always  ovulated  with  two  days  before  and  two  days  after  the  14th  day  of  her 
cycle,  rhythm  would  work  perfectly  if  continence  were  practiced  from  days  10 
to  17.  However,  because  of  vagaries  of  woman-kind  and  her  reproductive  physi- 
ology, changes  in  length  of  cycles  and  days  of  ovulation  occa.sionally  occur  in 
the  most  regular  female.  When  the  rhythm  method  was  taught  to  a  group  of 
women  highly  selected  because  of  their  menstrual  regularity,  despite  its  theo- 
retical safety,  it  carried  a  pregnancy  rate  of  14  (11).  Methods  of  diagnosing  the 
precise  time  of  ovulation  by  intravaginal  test-tape  ob.servations  and  the  record- 
ing of  the  basal  body  temperature  have  not  proved  of  practical  value.  If  there 
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were  ;in  iiilalliljlc,  simple,  ('t'fortless  method  to  pinpoint  tlie  liour  of  o\'iil;ition 
;in<l  one  could  make  sur(>  that  the  patient  in  question  iie\'ei-  ox  ulated  more  than 
once  a  month,  the  rhythm  techni(|ue  would  imni(>(liafely  become  the  world's 
ideal  c()ntracepti\  ('. 

KXPKIUMEXTAL  MKTHODS  OF  ('0.\TI{AC'P:PTI0\ 

Non-foaming  vaginal  lahlcls.  Studies  have  been  carried  out  witli  non-t'oaming 
Delt'en  Vaginal  Tablet®  in  the  contraceptive  clinic  at  The  Mount  Sinai  Hospital. 
After  extensive  laboratory  tests,  clinical  tests  were  carried  out  with  the  Delfen 
Tablet.®  Post-coital  tests  were  done  on  25  patients  who  had  placed  the  tablet 
insert  into  the  vagina  prior  to  intercourse.  Vaginal  and  cervical  secretions  were 
examined  microscopically  two  to  ten  hours  later.  No  live  sperm  were  found  in 
the  vaginal  specimens  and  no  sperm  could  be  found  in  secretions  obtained  from 
the  cervical  canal.  Determinations  also  were  made  on  the  insert's  intravaginal 
spermicidal  activity.  An  insert  was  placed  in  the  vagina  of  patients  thought  to 
be  ON'ulating  and  samples  of  the  secretions  from  the  cervical  os  and  the  posterior 
forni  were  later  aspirated  and  immediately  mixed  with  fresh  semen  of  good 
motility.  Live  sperm  could  not  be  demonstrated  in  any  semen  specimen  to  which 
had  been  added  vaginal  and  cervical  secretions  aspirated  15,  30  and  60  minutes 
after  insertion  of  the  tablet.  Patients  using  the  Delfen  Tablet®  for  contraception 
are  instructed  to  place  the  insert  into  the  vagina  a  few  minutes  prior  to  inter- 
course. A  pregnancy  rate  of  9.8  for  Delfen  Tablets®  represents  a  preliminary 
figure  from  a  pilot  study.  The  work  is  being  continued  at  The  Mount  Sinai 
Hospital  and  more  recent  figures  may  show  a  slight  increase  in  the  pregnancy 
rate.  Work  has  been  extended  to  several  university  and  family  planning  clinics 
throughout  the  country. 

Foaming  vaginal  tablets.  Foaming  \'aginal  tablets  contain  chemicals  lethal  to 
spermatozoa.  The  tablets  effervesce  when  moistened  and  release  carbon  dioxide 
which  forms  a  foam  to  disperse  the  spermicide.  Such  tablets  are  being  tested  in 
several  clinics.  In  a  study  with  one  brand,  Finklestein  reported  a  pregnancy 
rate  of  39  (12).  Other  reports  of  foam  tablets  are  not  yet  available. 

Oral  Medication.  Several  steroid  compounds  with  progestational  activity  have 
been  tested  during  the  past  two  years  for  their  ability  to  inhibit  ovulation. 
Among  many  experimental  oral  compounds  the  following  three  have  been  widely 
used,  (a)  17-ethiny-lestrasnolone,  Enovid®  (Searle),  (b)  17-ethinyl  19-nortes- 
tosterone,  Xorlutin-  (Parke-Davis),  and  (c)  17-ethyl-nortestosterone,  Nilevar® 
(Searle).  These  highly  potent  steroids  are  taken  by  mouth  once  daily  for  20  days 
starting  on  the  fifth  day  of  the  cycle.  Seventy-two  hours  after  they  are  discon- 
tinued withdrawal  bleeding  occurs.  Paniaciua  reporting  on  2837  cycles  in 
418  women  from  Puerto  Rico,  stated  that  in  the  cycles  in  which  the  regime  of 
^treatment  was  followed  precisely  there  was  not  a  single  pregnancy  (13).  However 
•ithere  were  20  unplanned  pregnancies.  Ten  patients  had  discontinued  the  drug 
tbecause  of  side  reactions  and  ten  patients  had  used  it  irregularly.  The  uncor- 
rected pregnancy  rate  was  10.3.  Eighteen  per  cent  of  the  subjects  withdrew 
■from  the  study  because  of  side  effects  from  the  drugs  which  were  mainly  gastro- 
;intestinal.  Tyler  reporting  from  Los  Angeles  on  the  same  oral  steroids,  gives 
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:i  nuicli  loss  optimistic  report  (14).  In  ;^00()  women  with  months  of  use  there 
were  22  pregnancies;  a  rate  of  nine.  The  pregnancies  were  definite  method  failures. 
He  believes  that  these  steroids  fail  to  inhibit  ovulation  in  certain  instances. 
Tyler  noted  side-effects  in  a  substantial  proportion:  (a)  stimulation  of  the  endo- 
metrium to  produce  a  pseudo-decidua,  (b)  a  questionable  biopsy  after  medication, 
resembling  malignancy,  (c)  17  per  cent  gastrointestinal  difficulties,  (d)  30  per 
cent  irregular  Ijleeding,  (e)  constant  weight  gain  one  to  two  pounds  per  month, 
(f)  decrease  in  libido,  and  (g)  edema.  He  also  noted  that  in  .some  cases  in  w-hom 
the  medication  was  stopped  on  the  25th  day,  o\'uhition  occuri-ed  with  menstrua- 
tion two  weeks  later. 

It  is  our  opinion  that  the  oral  tablet  has  not  yet  been  proved  medically  safe  or 
highly  efTective.  One  of  us  previously  pointed  out  that  the  steroid  drugs  are 
aimed  at  the  wrong  target  organ.  To  attempt  to  inhibit  the  pituitary  which  has 
so  many  functions  besides  stimulating  the  o\'arv  is  fraught  with  danger.  An 
oral  medication  affecting  the  Fallopian  tube,  uterus  or  ovary  directly  is  far 
better.  Currently  we  are  just  beginning  human  experiments  with  an  oral  com- 
pound which  afTects  tubal  eggs  in  the  rats  perhaps  by  inhibiting  some  tubal 
enzyme. 

Experimental  work  on  the  ideal  contracepti\'e  is  being  carried  on  in  many 
laboratories  and  clinics  throughout  the  world  in  addition  to  our  own.  It  is  safe 
to  prophesy  that  about  the  time  the  first  earth  man  reaches  the  moon  he  will 
be  able  to  carry  with  him  the  ideal  pregnancy  preventive. 
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Macro<>l()lnilineini;i  ha.s  become  recognized  as  a  clini(';il  entity  since  Walden- 
strom's original  description  in  1944  (Ij.  Manifestations  of  this  syndrome  inclnde 
those  of  malaise,  mucous  membrane  bleeding,  hepatosplenomegaly,  chronic 
anemia  and  hypergloliulinemia  (2,  3,  4).  The  very  viscous  serum  of  these  patients 
contains  excess  protein  of  19  s  or  greater  on  ultracentrifugation.  This  protein  is 
thought  to  be  produced  by  the  many  "lymphocytoid"  cells  present  in  the  marrow 
and  lymph  nodes  (1,  5).  Both  an  ill-defined  })leeding  tendency  and  the  recurrent 
infection  seen  in  such  patients  have  been  ascril)ed  to  the  presence  of  this  protein 
(6,  7). 

We  have  recently  studied  a  patient  with  the  characteristic  findings  of  macro- 
globulinemia.  The  clinical  course  was  complicated  by  severe  nuicous  membrane 
bleeding  and  by  repeated  infections.  While  such  diseases  as  lymphosarcoma  (4), 
chronic  myelogenous  leukemia  (8)  and  carcinoma  of  the  biliary  tract  (8)  have 
been  described  with  macroglobulinemia,  no  associated  disease  (;ould  be  iden- 
tified in  this  patient. 

Electrophoretic  studies  demonstrated  a  deficiency  of  normal  gamma  globulin 
and  the  presence  of  an  excess  of  macroglobulins.  The  patient's  serum  was  studied 
in  tests  for  the  rheumatoid  agglutination  factor  to  determine  the  effects  of  the 
large  globulin  in  such  test  systems.  In  addition  to  other  body  fluids  previously 
reported,  synovial  fluid  was  subjected  to  detailed  examination. 

CASE  REPORT 

A  71  year  old  housewife  was  first  admitted  to  The  Mount  Sinai  Hospital  (Unit 
No.  59837)  on  Januaiy  19,  1956  because  of  palloi'  and  weakness  of  ten  years' 
duration. 

One  year  prior  to  admission,  splenomegaly  was  noted  by  her  private  pliysiciaii. 
The  hemoglobin  was  discovered  to  be  9  Gm.  per  cent,  the  white  count  2,300  cells 
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per  cu.  ml.  and  tlic  platelet  count  20,000  per  cu.  mi.  Bone  marrow  examination 
.-^IiowchI  oo  per  cent  normoblasts,  a  normal  myeloid  series,  adecjuate  megakaryo- 
cytes and  no  al)normal  cells.  The  sedimentation  rate  was  98  mm.  per  hr.  (Wester- 
gren).  At  that  time  there  was  no  overt  evidence  of  blood  loss  nor  were  hemor- 
rhagic phenomena  noted.  Treatment  consisted  of  blood  transfusions.  Because 
abnormal  findings  persisted,  the  patient  was  admitted  to  this  hospital  for  a  com- 
plete evaluation. 

A  past  history  of  pain  and  swelling  affecting  both  knee  joints  of  fifteen  years' 
duration  was  elicited.  No  other  joints  were  involved.  An  episode  of  broncho- 
pneumonia occurred  eight  months  prior  to  admission.  The  remainder  of  the  past 
history  and  the  family  history  were  non-contributory. 

Physical  examination  re^'ealed  the  patient  to  be  a  pale,  elderly,  white  female 
appearing  chronically  ill.  A  smooth  liver  edge  was  palpable  5  cm.  beneath  the 
costal  margin.  The  spleen  was  felt  10  cm.  beneath  the  left  costal  margin.  There 
was  bilateral  bony  deformity  of  both  knee  joints.  No  other  abnormal  physical 
findings  were  encountered. 

The  hemoglobin  was  7  Gm.  per  cent,  the  red  blood  count  2,400,000  cells  per 
cu.  mm.,  the  hematocrit  22  per  cent,  the  white  count  2,600  cells  per  cu.  mm., 
and  the  phitelet  count  12,000  per  cu.  mm..  I'rinalysis  revealed  2  to  3  plus  pro- 
teinuria l)ut  no  Bence-Jones  protein  was  found.  The  following  blood  chemistries 
were  within  normal  limits:  urea  nitrogen,  uric  acid,  glucose,  alkahne  phosphatase, 
cephalin  flocculation,  calcium  and  phosphorus.  Total  protein  was  9.0  Gm.  per 
cent,  with  2.3  Gm.  per  cent  albumin  and  ().7  Gm.  per  cent  globulin.  A  bromsul- 
phaloiii  test  indicated  4  per  cent  retention  of  the  dye  within  45  minutes.  The  sedi- 
meiitatiou  rate  was  110  mm.  per  hr.  (Westergren).  Coagulation  studies  were 
within  normal  limits.  The  Coomb's  test,  both  direct  and  indirect,  was  negative 
and  no  cryoglobulins  were  present  in  serum.  Bone  marrow  examination  from 
three  separate  sites  showed  hypercellularity  with  an  increase  of  the  erythroid 
series.  Infiltrates  of  mature  and  immature  lymphocytes  totaling  41  per  cent  of 
the  cells  counted  were  present.  One  to  three  per  cent  of  the  cells  seen  were  plasma 
cells.  Serum  electrophoresis  on  paper  demonstrated  a  homogenous  band  between 
beta  and  gamma  globulins  characteristic  of  "M"  protein.  This  protein  proved  to 
be  precipitable  by  zinc  sulfate.  Serum  globulin  fractionation  showed  28  mgm. 
per  cent  mucoprotein  (normal  40-70  mgm.  per  cent),  6.9  units  of  acid  precipitable 
globulin  (normal  4-8  units),  and  25.0  units  of  zinc  sulfate  turbidity  (normal  4-8 
units).  Biopsy  of  lymph  nodes  from  three  separate  sites  showed  extensive  replace- 
ment by  fatty  tissue.  (Jingival  mucosal  biopsy  revealed  no  evidence  of  amyloid 
material.  A  chest  x-ray  and  upper  gastrointestinal  series  were  unremarkable. 
Skeletal  survey  revealed  marked  generalized  demineralization  of  bone  with 
collapse  of  several  thoracic  vertebrae.  Marked  osteoarthritic  changes  of  both 
knees  were  present. 

The  clinical  course  was  complicated  only  by  a  low-grade  fever  of  undetermined 
origin.  The  patient  was  treated  with  blood  replacement.  No  definite  diagnosis 
was  established,  the  provisional  diagnoses  on  discharge  being  "atypical  multiple 
myeloma"  or  "an  imusual  case  of  lymphoma  with  dysproteinemia." 
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The  patient  was  readmitted  to  The  Mount  Sinai  Hospital  on  .laiiuary  !),  li).")8 
because  of  icctal  l)leedin<>;.  Continued  weakness  and  pallor  were  the  only  symp- 
toms durinij;  the  yeai'  intervah  One  week  before  admission  two  episodes  of  epi- 
staxis  occurred  re(iuiring-  full  nasal  packing  for  control.  Persistent  bright  red 
recta!  l)leeding  occurred  on  the  night  of  admission  in  the  absence  of  any  other 
bl(>eding  manifestations. 

Additional  plu'sical  findings  on  this  admission  included  the  presence  of  clotted 
l)lood  in  the  nares  and  bright  red  blood  in  the  rectum. 

The  initial  hemoglo})in  was  7.4  Gm.  per  cent,  the  hematocrit  23  per  cent,  and 
the  red  cell  count  2,(170,000  cells  per  cu.  mm..  The  white  cell  count  was  5,300  per 
cu.  mm.  with  a  normal  differential  distribution,  and  the  platelet  count  was 
128,000  per  cu.  mm..  Marked  rouleaux  formation  was  noted  on  the  smear.  The 
erythrocyte  sedimentation  rate  was  120  mm.  per  hr.  (Westergren).  Urinalysis  re- 
vealed an  acid  pH,  a  maximum  concentration  to  1.018,  persistent  2  to  8  plus 
proteinuria,  but  no  formed  elements.  No  Bence-Jones  protein  was  found.  Total 
serum  protein  was  9.5  Gms.  per  cent,  with  albumin  1.9  Gms.  per  cent  and  globulin 
7.6  Gms.  per  cent.  Routine  blood  chemistries  were  again  within  normal  limits. 
Total  cholesterol  was  78  mgm.  per  cent,  cholesterol  esters  53  mgm.  per  cent, 
phospholipid  124  mgm.  per  cent  and  total  lipids  225  mgm.  per  cent.  Owren  pro- 
thrombin time  was  62  per  cent,  serum  prothrombin  conversion  activity  4()  per 
cent,  and  labile  factor  41  per  cent.  The  bleeding  time  was  6}^  minutes  while  a 
three  tube  clotting  time  eciualled  9,  16,  and  21  minutes.  The  clot  retraction  was 
-(--(-  in  two  hours,  with  no  fibrinolysis  observed  after  one  hoiu'.  Quick  pro- 
thrombin time  was  15  seconds  (control  31  seconds)  and  serum  prothroml)in  less 
than  5  per  cent.  No  white  cell  or  platelet  agglutinins  were  observed  in  the  serum. 
The  marrow  was  normocellular  and  revealed  an  increased  number  of  lympho- 
cytes, some  of  which  were  atypical  in  appearance.  Serum  globulin  fractionation 
now  yielded  ()2  mgm.  per  cent  mucopi'oteins,  2.5  units  of  acid  precipitable  globu- 
lin, and  20  units  of  zinc  sulfate  turbidity.  The  Sia  test  for  euglobulin  was  nega- 
tive and  cryoglobulins  again  were  not  demonstrated.  The  C-reacti\'e  protein  was 
absent  and  the  Mazzini,  Kahn  and  Wasserman  reactions  were  negative.  Serum 
electrophoresis  on  paper  once  again  demonstrated  an  abnormal  protein  moving 
between  gamma  and  beta  globulins.  Now  a  marked  depression  of  the  normal 
gamma  component  was  also  found.  Moving  boundary  electrophoresis  in  the 
Tiselius  apparatus  indicated  a  large  homogenous  spike  of  abnormal  mobility 
immediately  after  the  beta  lipoprotein  abnormality  (in  the  descending  limb) 
with  virtual  absence  of  normal  gamma  globulin  material  (Fig.  I).  Starch  gel 
electrophoresis  showed  no  migration  of  abnormal  protein  into  the  starch  gel 
(Fig.  2),  while  protein  of  similar  paper  electrophoretic  migration  seemed  to 
remain  on  the  filter  paper  used  to  introduce  the  serum.  Ultracentrifugation  of  the 
patient's  serum  demonstrated  approximately  50  per  cent  protein  having  a  sedi- 
mentation constant  of  about  19s,  while  smaller  amounts  of  25s  and  32s  protein 
were  also  identified  (Fig.  3).  Patterns  apf)roximating  those  of  serum  were  given 
bj^  paper  electrophoresis  of  synovial  fluid,  cerebrospinal  fluid,  and  urine  (Fig.  4). 
Ultracentrifugation  studies  of  the  urine  showed  the  presence  of  considerable 
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Fig.  1.  Moving  boundary  electrophoresis  of  serum  from  a  patient  with  macroglobu- 
linemia.  A  hirge,  abnormal  spike  is  noted  on  this  descending  limb,  immediately  after 
the  beta  globulins.  Note  the  paucity  of  normal  gamma  components.  (Barbital  buffer,  pH 
8.6) 
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Fig.  2.  Starch  gel  elect rojjhoresis  patterns  of  sera  from  normal,  multiple  myeloma,  and 
macroglobuliiiemia  patients.  The  alpha  globulins  are  sjilit  into  "S"'  or  slow,  and  "F"  or 
fast  components,  while  two  "prealbumin"  and  one  "postali)umin"  fraction  is  identified. 
Of  salient  interest  is  the  (lemonstration  that  whereas  the  sharp,  abnormal  gamma  protein 
of  m\elonia  is  clearly  demonstrated,  macroglobulins  are  not  seen  in  starch  gel. 


M  \('H()(;i,()iiri,i\i':MiA 


129 


I'k;  M.  ritraceiitrifugatioii  of  1:4  dilution  of  patient's  serum.  The  tall  component  at  the 
left  of  the  torus  is  prcsuinahly  the  19s  material,  while  smaller  aggregates  of  26s  and  33s 
migrate  l)efore  it.  Time  in  minutes. 


Fig.  4.  1.  Normal  serum  pajw'r  elect  roplioresis.  2.  S(M'um,  3.  Synovial  Fluid,  4.  ITrine 
paper  electro|jlioresis  from  a  patient  willi  macroglolnilineniia .  Tlie  almnrmal  ])rotein  is 
demonstrable  in  all  patterns.  Cobalt  salt  ])r('ci|)itat  ion  tA'  tlie  liyaluronal  c  protein  complex 
of  synovial  fluid  yielded  a  pattern  similar  to  *4. 

amounts  of  pioteiii  having  sedimeutatioii  constant  of  19s.  Four  montlis  after 
admission  and  following  repeated  infections,  an  increase  of  the  normal  gamma 
globulin  band  was  demonstrable  oti  paper  electrophoresis.  Tests  performed  in 
relation  to  the  rheumatoid  agglutination  reaction  are  summarized  in  Table  I. 
Synovial  fluid  exhibiting  high  viscosity,  good  mucin  clot  and  less  than  60  cells 
per  cu.  ml.  was  studied  for  polysaccharide  and  protein  content.  The  results  are 
summarized  in  Table  II.  Anion  exchange  column  chromatographic  separation  of 
serum  proteins  indicated  a  large  quantity  of  the  abnormal  protein  to  be  extract- 
able  at  pH  5  and  separate  from  a  small  f|u;uitity  of  normal  gamma  globulin  at 
pH  7. 

After  admission,  the  patient  was  given  blood  transfusions  sufficient  to  replace 
gross  blood  loss.  The  rectal  bleeding  gradually  subsided.  Sigmoidoscopy  was 
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Behavior  of  viacroglobulinemic  serum  in  rheumatoid  agglutination  reactions 


Tent  Serum 

.Source  of  Normal  Gamma 
OIol)ulin 

Indicator  System 

Result 

B.B.  whole  senim 

Commercial  Fll  added 
in  vitrf) 

Latex  particles* 

Pos.  1:320 

15.1^.  whole  serum 

B.B.  "eufilohulin" 
f  ruct  ion 

Lafe.x  jjarticles* 

Neg. 

B.B.  whole  .serum 

Pooled,  commercial 
gamma  globulin 
given  I.M. 

Late.x  particles* 

Pos.  1:1280 

B.B.  whole  serum 

B.B.  "euglobulin" 
fraction  after  I.M. 
gamma  globulin 

Latex  particle.s* 

Pos. 

B.B.  whole  serum 

Rabbit  anti -sheep 
er.vthrocytes 

Sheep  erythrocytesf 

Neg. 

B.B.  eiiglohuliu 

Rabbit  anti -sheep 
erythrocytes 

Sheep  erythrocytesf 

Neg. 

B.B.  euglobulin  plus 

Rabbit  anti -sheep 

Sheep  erythrocytesf 

No  inhibition 

known  pos.  aggluti- 

erythrocytes 

nation  serum 

*  Method  of  Singer  and  Plotz  (30). 
f  Method  of  Ziff  et  al.  (19). 


TABLE  II 


Synovial  fluid  analyses  in  a  patient  with  macroglobulinemia* 


Determination 

Patient  (age  71) 

Control  (age  77) 

Total  synovial  fluid  hexosamine  

2.08  mg./gm. 

1.60  mg./gm. 

Non-hvaliu'onate  hexosamine  

1.53  mg./gm. 

0.39  mg./gm. 

Hyaluronate  hexosamine  (glacial  acetic  acid 

PPt.)  

0.55  mg./gm. f 

1.22  mg./gm. 

Hyaluronate-protein    hexosamine  (cobalt 

salt  pp.)  

1.59  mg./gm. t 

1.23  mg./gm. 

*  Method  of  Hamerman  (33). 

f  Electrophoresis:  traces  of  serum  albumin. 

X  Electrophoresis:  abnormal  protein  with  migration  of  patient's  macroglobulin  as  well 
as  albumin. 


negative  and  a  l)arium  enema  revealed  only  the  presence  of  several  sigmoid 
diverticuli.  Seven  day.s  at'tei-  admission  the  patient  began  to  suffer  from  shaking 
chills  and  intermittently  high  fevers  at  which  time  a  beta-hemolytic  strepto- 
coccus was  cultured  from  the  blood.  Frank  javmdice  without  demonstrable  liver 
damage  occurred  during  this  sepsis  and  cleared  after  therapy.  Four  days  there- 
after, a  pyarthrosis  developed  in  the  right  knee  joint  from  which  a  poorly  viscous 
yet  purulent  fluid  was  aspirated.  This  contained  over  25,000  cells  per  cu.  ml. 
but  proved  sterile  on  culture.  The  blood  stream  inf(>ction  was  effectively  treated 
with  penicillin  and  streptomycin.  Ten  cc.  of  gamma  gloljulin  were  administered 
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(luriiij!;  this  niid  sul)S('(iii('nl  septic  episodes.  Aiiollier  iii;issiv(>  recliil  lieni()rrli;ifi;e 
occurred  thirty-two  diiys  after  admission.  Tliis  episode  was  niaiiaf^ed  by  the 
transfusion  of  thirty-foui-  units  of  whole  banked  blood,  three  units  of  fresh  l)lood 
and  corrective  amounts  of  calciiuu  lactate.  Electrocardiograms  taken  shortly 
after  this  hemorrhage  showed  deep  T  wave  inversions  in  lead  1,  a  VI  and  V4-V6 
consistent  with  patchy  myocardial  necrosis.  These  changes  reverted  to  normal 
during  the  next  four  weeks.  Five  weeks  after  admission,  the  patient  developed 
a  cough  productive  of  purulent  sputum,  a  septic  fever,  and  aVL.  A  chest  x-ray 
revealed  an  infiltrate  in  the  right  lower  lobe.  This  episode  of  bronchopneumonia 
responded  adequately  to  antibiotic  and  gamma  globulin  therapy.  Oral  moniliasis 
occurred  seven  weeks  after  admission  and  was  successfully  treated  with  Mycos- 
tatin®  mouth  wash.  During  the  third  month  of  the  hospital  stay  the  patient's 
hemoglobin  dropped  from  12.5  Gm.  to  8.5  Gm.  per  100  cc.  without  blood  loss. 
Thus  far,  a  total  of  63  units  of  blood  had  been  administered  to  replace  the  blood 
loss  per  rectum.  A  weakly  positive  Coomb's  reaction  was  demonstrated  using  the 
direct  technique.  Chromium^'  tagged  red  blood  cell  survival  time  was  shown  to  be 
moderately  diminished  diu'ing  this  period  of  time.  Four  months  after  admission 
the  patient  de\'eloped  another  episode  of  sepsis,  this  time  due  to  aerobacter 
aerogenes.  This  again  was  successfully  controlled  with  antibiotics  and  gamma 
globulin.  The  patient's  subse(iuent  course  was  complicated  by  two  further  infec- 
tions: a  staphylococcal  paronychia  and  a  severe  staph^ylococcal  aureus  and  entero- 
coccal  submaxillary  adenitis  with  abscess  formation.  These  also  responded  to 
antibiotic  therapy.  Electrophoretic  patterns  after  these  episodes  finally  showed  a 
definite  increase  of  the  normal  gamma  component.  The  antistreptolysin-0  titer 
after  streptococcal  sepsis  never  rose  above  125  units.  Tests  for  delayed  hyper- 
sensitivity to  tuberculin  and  fungal  antigens  were  negative.  The  patient  is  now 
wasted  in  appearance  and  markedly  anemic  with  a  hemoglobin  of  7  gm.  per  cent. 
The  spleen  is  enlarged  to  16  cm.  beneath  the  left  costal  margin,  and  the  marrow 
now  reveals  some  plasma  cells  (4-6  per  cent). 

DISCUSSION 

The  above  patient  manifested  most  of  the  clinical  features  of  macroglobuli- 
nemia  described  by  other  observers  (2).  Marrow  examination  showed  an  increase 
in  lymphocytic  cells  and  only  after  repeated  infections  did  plasma  cells  become 
more  numerous,  a  finding  that  has  been  noted  by  Schaub  (9).  Hepatomegaly  was 
prominent  but  was  not  as  marked  as  the  splenomegaly  which  became  the  major 
physical  finding.  Mucous  membrane  bleeding,  a  symptom  frequently  listed  as 
chief  complaint  by  such  patients,  was  manifested  by  lepeatcd  epistaxis  and  rectal 
bleeding  (1,  4).  The  presence  of  low  grade  hemolysis  was  demonstrated  by 
chromium''  labelled  red  cell  survival  studies.  The  half  life  of  labelled  cells  was 
17  to  19  days,  the  normal  being  28  to  36  days.  Repeated  examinations  failed  to 
confirm  the  previously  described  hypofibrinogenemia  associated  with  this  syn- 
drome (1,  5).  The  other  clotting  factors  were  irregularly  impaired. 

While  normal  serum  contains  several  components  of  high  molecular  weight 
having  sedimentation  constants  of  about  19s,  the  amount  of  such  heavy  com- 
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poiu'lits  in  patients  witli  nuicroglohulin(>inia  is  much  higluM'  (10).  Values  of  over 
.")  per  cent  of  this  serum  protein  have  been  described  in  patients  with  cirrhosis, 
lupus  (>rytheniatosus  and  carcinoma.  When  more  than  10  per  cent  is  identified,  the 
moving  boundary  electrophoresis  show  that  most  of  the  normal  19s  globulins 
migrate  in  the  gamma- 1  and  some  in  the  alpha-2  globulin  range.  Identified  in  the 
normal  heavy  globulin  fraction  have  been  the  isoagglutinins,  cold  agglutinins, 
and  some  antibodies  to  pnevmiococcal  polysacchai'ide  (10). 

The  amount  of  associated  carbohydrate  is  greater  for  the  normal  and  abnormal 
macroglobulins  than  for  the  7s  gamma  globulin  or  mv(>loma  protein  of  similar 
electrophoretic  movement  (8).  This  may  l)e  demcjustrated  by  j^eriodic  acid  Schiff 
staining  or  by  direct  carbohydrate  analysis  (10).  Amino  acid  analysis  of  macro- 
globulins  seems  to  parallel  the  observations  made  upon  myeloma  protein.  Al- 
though individual  macroglobulins  may  vary  in  a  particular  amino  acid  constitu- 
ent, they  are  generally  similar  in  amino  acid  composition  to  normal  gamma 
gl()l)ulin  (13).  Some  macroglobulins  may  be  cryoglobins      well  (14). 

The  electrophoretic  property  of  abnormal  macroglobulins  may  vary  from 
positions  among  the  slower  gamma  globulins  to  positions  where  the  typical  "M" 
spike  between  the  beta-2  and  gamma- 1  is  simulated  (2,  4,  8).  Positions  even 
closer  to  albumin  have  been  described.  In  the  patient  studied,  a  large  homoge- 
nous band  was  seen  to  migrate  in  the  "M"  region.  Thus  moving  boundary  or 
paper  electrophoresis  can  only  suggest  the  presence  of  an  abnormal  protein.  The 
use  of  starch  gel  electrophoresis  has  been  suggested  for  the  study  of  macroglobu- 
lins. Silberman  (15)  has  observed  that  normal  7s  gamma  globulins,  and  even 
myeloma  proteins,  will  migrate  into  starch  gel  from  filter  paper.  Macroglobulins, 
howex  er,  display  no  such  movement.  If  the  filter  paper  that  is  used  to  introduce 
macroglobulinemic  serum  into  starch  gel  blocks  for  electrophoresis  is  removed 
and  stained  for  protein,  the  heavy  globulin  seems  to  remain  on  paper.  This  phe- 
nomenon was  observed  with  our  patient's  serum.  No  visible  band  was  seen  in 
the  gamma  region  of  starch  gel  electrophoresis.  The  filter  paper  was  shown  to 
have  remaining  protein  that  migrated  to  the  typical  position  of  the  patient's 
macroglobulin. 

Ultracentrifugation  of  the  patient's  serum  showed  not  only  a  major  component 
with  a  sedimentation  constant  of  about  19,  but  larger  aggregates  of  approxi- 
mately 25s  and  33s  material.  The  addition  of  sulfhydril  containing  compounds, 
such  as  mercaptoethanol,  will  cause  such  heavy  globulins  to  sediment  with  the 
remainder  of  normal  7s  globulins  (7).  This  may  indicate  that  these  large  molecules 
are  polymers  of  a  smaller  monomer  bound  by  sulfur-sulfur  linkages. 

Quantitative  precipitin  techniques  and  agar  diffusion  methods  have  shown 
the  partial  antigenic  identity  of  7s  and  19s  gamma  globulins  (10,  16,  17).  Franklin 
and  Kunkel  (10)  ha\'e  shown  that  antisera  to  whole  gamma  globulin,  when  ab- 
sorbed with  7s  gamma  globulin  antigen,  still  contained  antil)ody  to  the  19s 
fraction.  Mandemaet  al.,  (18)  have  shown  similar  behavior  in  the  (3udin  system 
with  macr()glol)ulinemic  serum,  while  Korngold  has  established  reactions  of 
partial  identity  to  be  present  in  Ouchterlouny  plates  (19).  The  latter  technique 
may  be  \ised  as  a  semi-(iuantitative  screening  method  for  the  presence  of  macro- 
glol)ulinemia. 
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The  Sia  (est  has  h(>cii  i-ccoinineiidcd  as  another  readily  a\aihihle  sereeiiins  test 
for  macrogk)huhiieniia  (<S).  When  serum  is  diiut(Hl  at  least  twenty  vohinies  willi 
distilled  water,  a  pivcii^itate  forms.  This  fraet ion  is  mainly  "euglobulin"  and 
not  infreciuently  the  abnormal  protein  will  precipitate  as  well.  "V'et  with  sera  (!on- 
taining  macroglohulins  moving  in  the  beta  region,  or  having  "M"  mobility,  this 
test  is  often  negative.  This  wa.s  the  case  in  our  patient.  The  po.ssibility  of  in- 
creased carbohydrate  content  l)eing  responsible  for  water  solubility  is  a  real  one: 
in  the  proteins  of  myeloma  (•arl)ohydrate  content  varies  directly  with  electro- 
phoretic  movement  (8). 

The  repeated  infections  sustained  by  this  patient  may  have  been  related  to  the 
\'irtual  absence  of  normal  7s  gamma  globuHn  at  stages  of  her  disea.se.  The.se  in- 
fections are  frecjuently  tlue  to  pyogenic  organisms.  Recurrent  pneumococcal 
pneumonia  has  been  demonstrated  in  multiple  myeloma  and  has  been  attributed 
to  decreased  elaboration  of  type-specific  antibodies  (22).  Similar  infections  with 
an  analogous  lack  of  antibody  response  have  been  reported  with  macroglobuli- 
nemia  (7).  The  patient  manifested  the  following  septic  complications:  beta- 
hemolytic  streptococcus  septicemia,  aerobacter  aerogenes  sepsis,  septic  pyar- 
throsis,  bronchopneumonia,  staphylococcal  submaxillary  adenitis,  staphylococcal 
paronychiae  and  oral  moniliasis.  Clinical  improvement  in  each  instance  was 
obtained  with  antibiotics  and  gamma  globulin  as  has  been  the  case  in  the  hypo- 
gammaglobulinemias. 

Good  (21),  as  well  as  Janeway  and  Clitlin  (20),  have  reviewed  the  primary  and 
secondary  hypogammaglobulinemias.  The  latter  have  been  associated  with  such 
diseases  as  malignant  lymphoma,  chronic  lymphatic  leukemia,  thymic  tumors, 
multiple  myeloma  and  macroglobulinemia  (22,  7).  The  inal)ility  to  synthesize 
immune  globulins  need  not  be  a  complete  one.  Isohemagglutinins  may  be  present, 
as  they  were  in  the  abo\'e  case  (22).  A  decreased  or  delayed,  rather  than  a  per- 
sistently absent,  gamma  globulin  response  may  exist  (23).  The  most  sensitive 
tests  for  presence  of  gamma  globulin  are  those  involving  agar  diffusion  tech- 
niques (24).  Hypogammaglobulinemic  sera  gWo  \alues  of  0  to  300  mgm.  per 
cent  as  opposed  to  normal  values  of  (iOO  to  1200  mgm.  per  cent  (20).  The  more 
available  techniques  such  as  zinc  sulphate  precipitation  or  Howe  fractionation 
will  give  roughly  similar  results.  If  abnormal  proteins,  such  as  those  of  myeloma 
or  macroglohulins  are  present,  deficiencies  of  normal  gamma  globulin  may  be 
obscured  (25).  Both  zinc  sulfate  and  I'outine  salt  fractionation  precipitated  the 
macroglobulin  along  with  the  mass  of  normal  globulins.  However,  anion  exchange 
column  chromatography  of  the  patient's  serum,  done  at  a  time  when  paper  elec- 
trophoresis showed  little  normal  gamma  globulin,  yielded  little  protein  extract- 
able  in  the  normal  gamma  range.  During  the  initial  infections,  the  patient  had  a 
virtual  ab.sence  of  protein  with  normal  gamma  globulin  mobility  by  paper, 
moving  boundary  electrophoresis,  or  ion  exchange  column  chromatography. 
Later,  this  became  somewhat  increased,  demonstrating  a  (juantitative  rather 
than  absolute  failure  to  produce  normal  gamma  globulin.  Exogenously  admin- 
istered gamma  globulin,  while  affecting  rheumatoid  agglutination  reactions,  will 
have  little  demonstrable  effect  on  serum  electi'ophoretic  patterns  and  can  be  ex- 
cluded as  a  cause  for  this  ri.se  (20). 
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The  rclat ioiisliij)  of  the  piitieut's  serum  to  the  test  systems  used  in  the  dem- 
onsti'atioii  of  the  rheumatoid  agglutination  factor  was  also  of  interest.  Essentially 
each  test  involves  a  reaction  between  the  agglutinating  rheumatoid  factor  and  a 
normal  gamma  globulin  that  has  previously  coated  an  indicator  system  such  as 
latex  particles  or  sensitized  sheep  cells  (26).  It  has  been  demonstrated  that  the 
isolated  rheumatoid  factor  is  a  macroglobulin  (19s)  loosely  complexed  with  7s 
gamma  globulins  to  produce  large  complexes  having  sedimentation  constants  of 
22s  (27).  Patients  with  hypogammaglobulinemia  do  not  show  agglutinating  ac- 
tivity e\'en  in  the  presence  of  clinically  defined  rheumatoid  arthritis,  nor  do  their 
sera  contain  the  inhibitor  of  known  rheumatoid  agglutination  activity  which  is 
demonstrable  in  normal  sera  (28).  The  test  for  absence  of  inhibitor  in  the  eu- 
globulin  fraction  of  serum  (obtained  by  dialy.sis  against  1/150  phosphate/ 
citrate  buffer  at  pH  5)  is  considered  b}^  Ziff  et  al.  to  be  the  most  clinically  accu- 
rate test  for  rheumatoid  arthritis  (29).  The  behavior  of  our  patient's  serum 
was  determined  in  two  rheumatoid  agglutination  tests.  The  latex  fixation  test 
(30),  (using  pooled  gamma  globulin  in  vitro)  was  positive  at  1:320,  but  when 
the  patient's  own  gamma  globulin  was  employed  as  a  coating  for  the  latex  par- 
ticles (31),  no  agglutination  was  observed.  When  exogenous  gamma  globulin  was 
administered  (basically  as  a  therapeutic  measure)  agglutination  was  augmented 
to  1:1280  with  positive  tests  by  the  "Owren  gamma  globulin  technique."  The 
patient's  whole  serum  was  negative  in  the  sensitized  sheep  cell  reaction,  nega- 
tive by  the  euglobulin  technique,  and  no  inhibitory  activity  was  noted.  Since 
the  patient's  19s  protein  did  not  behave  as  a  euglobulin,  this  dissociation  be- 
tween the  positive  latex  and  negative  sheep  cell  tests  is  expected.  The  behavior 
described  is  in  accord  with  the  hypothesis  that  not  only  the  rheumatoid  factors, 
but  other  abnormal  serum  proteins  will  cause  non-specific  conglutination  reac- 
tions if  suitably  provided  with  an  indicator  particle  coated  with  7s  "reactant" 
globulins.  This  correlates  with  the  frecjuently  positive  latex  tests  of  patients  with 
lupus  erythematosus,  syphilis,  cirrhosis,  sarcoidosis,  macroglobulinemia  and 
myeloma  (32). 

We  were  provided  with  a  uni(iue  opportunity  to  study  the  synovial  fluid  of 
this  patient.  Synovial  fluid  is  a  viscous  fluid  containing  a  polysaccharide-protein 
complex  which  may  be  precipitated  by  polyvalent  cobalt  salts  and  cationic  de- 
tergents (33).  The  polysaccharide  is  hyaluronate,  while  the  protein  fractions 
have  been  shown  to  be  similar  to  plasma  proteins  by  Schmid  and  McNair  (34). 
The  linkage  of  protein  to  hyahu'onate  is  crucial.  Papain  degradation  of  the  pro- 
tein moiety  will  alter  such  characteristics  as  non-Newtonian  viscosity  (35).  In 
normal  fluid,  85  per  cent  of  the  discernible  hexosamine  is  that  of  hyaluronate. 

The  right  knee  joint  of  the  patient  was  aspirated  several  times.  Initially  the 
fluid  was  clear,  viscous,  formed  a  firm  mucin  clot  and  was  compatible  with  the 
findings  in  osteoarthritis.  At  the  time  of  a  pyarthrosis,  the  viscosity  was  dimin- 
ished, a  scattered  mucin  clot  was  obtained,  and  over  25,000  polymorphonuclear 
leukocytes  per  cu.  mm.  were  present.  After  this  acute  episode,  the  fluid  again  had 
the  normal  characteristics  of  a  non-inflammatory  arthritis.  At  this  time,  paper 
electrophoresis  of  the  synovial  fluid  was  performed.  A  distinct  band,  reproducing 
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the  mol)ility  of  inacrogloljuliii  in  serum,  was  discoveix'd.  When  synovial  fluid 
hexosaniine  determinations  were  performed,  (luantities  of  hyaluronate  hoxos- 
amine  compatil)le  with  the  patient's  age  were  found.  Non-hyaluronate  hexos- 
aniine was  remarkably  increased,  compatible  with  Waldenstrom's  observation  of 
increased  hexosamine  content  of  the  large  molecule.  Polyvalent  cobalt  complex 
precipitation  of  the  hyaluronate  protein  mixture  again  yielded  electrophoretic 
patterns  with  the  expected  band.  Hexosamine  values  of  this  complex  were  high, 
(ilacial  acetic  acid  precipitates  showed  only  an  albumin  band  on  electrophoresis. 
These  studies  are  compatible  with  the  theory  that  hyaluronate  fortuitously  forms 
complexes  with  any  plasma  protein  available,  in  this  case,  the  macroglobulin. 

Urinary  electrophoresis  indicated  the  presence  of  an  abnormal  protein  of  the 
same  mobility  as  the  serum  macroglobulin.  The  sedimentation  constant  of  the 
abnormal  urinary  protein  was  also  19s.  This  has  not  been  observed  in  another 
such  case  by  Franklin  (36).  No  significant  hematuria  or  free  urinary  hemoglobin 
were  present  at  the  time  of  this  determination.  The  presence  of  the  rheumatoid 
factor  in  synovial  fluid  would  indicate  that  19s  globulins  may  be  found  in  joint 
spaces  (29). 

SUMMARY 

A  case  of  macroglobulinemia  in  a  71  year  old  woman  is  presented.  Prominent 
features  were  severe  mucous  membrane  bleeding  and  multiple  infections.  No 
other  associated  disease  process  could  be  identified. 

A  homogenous  band  between  gamma- 1  and  beta-2  was  demonstrated  on  paper 
electrophoresis.  Starch  gel  electrophoresis  indicated  no  migration  of  the  abnormal 
protein.  Ultracentrifugation  studies  identified  large  amounts  of  a  serum  protein 
having  sedimentation  constants  of  19s  and  greater. 

Repeated  infections  characterizing  the  clinical  coiu'se  were  initially  related  to 
a  quantitatively  diminished  normal  serum  gamma  globulin  concentration. 

The  patient's  serum  gave  positive  reactions  in  several  tests  for  rheumatoid 
agglutination  activity  in  the  absence  of  clinical  rheumatoid  arthritis. 

Synovial  fluid  studies  indicated  the  presence  of  an  abnormal  protein  containing 
large  quantities  of  hexosamine.  This  protein  was  precipitahle  with  hyaluronate 
by  means  of  polyvalent  cobalt  complexes. 
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HYPOGAMMAGLOBULINEMIA  AND 
HYPERGAMMAGLOBULINEMIA 


WALTER  L.  HENLEY,  M.D. 
New  York,  N.Y. 

Disturbances  in  gannnu  globulin  have  gained  prominence  in  the  hterature  in 
the  last  six  yeJ^i's,  at  first  because  of  their  association  with  recurrent  bacterial 
infection  (1-6),  later  because  of  reports  of  various  immunological  experiments 
(8,  7-l(i)  and  most  recently  because  of  their  association  with  "collagen  diseases" 
(17)  and  allergic  disorders. 

PHYSIOLOGY 

The  gamma  globulins  were  defined  l)y  Tiselius  as  the  slowest  moving  plasma 
proteins  on  electrophoresis.  They  are  proteins  with  various  functions  whose 
molecular  weights  range  from  150,000  to  300,000.  Proteins  with  similar  functions 
may  move  at  different  speeds  under  identical  conditions.  Differences  in  bio- 
chemical and  physical  properties  of  the  gamma  globulin  have  been  demonstrated 
immunochemically  (7).  They  have  been  separated  into  two  components  according 
to  their  sedimentation  rates  (18).  By  the  use  of  ultracentrifugal  separation  and 
the  other  methods  described,  several  major  components  can  be  identified.  Most 
antibodies  against  bacteria,  viruses,  and  toxins  are  contained  in  the  gamma 
globulin  fraction;  the  isohemagglutinins  and  cold  agglutinins  are  in  a  faster 
moving  gamma  globulin  with  a  higher  sedimentation  constant  (19,  20)  often 
considered  a  beta-2  globulin  (21)  and  some  of  the  reagin  type  antibodies  are 
contained  in  the  beta  fraction  (22). 

If  gamma  globulin  is  formed  in  fetal  life,  evidence  .suggests  that  it  is  formed 
later  than  the  other  plasma  proteins  (23).  At  birth  the  level  may  exceed  the 
mother's  (24-27);  it  is  probably  derived  from  maternal  serum  and  transferred 
across  the  trophoblast  (28).  This  is  illustrated  by  an  infant  born  with  a  high 
serum  gamma  globulin  level  and  normal  serum  albumin  to  a  mother  who  had 
cirrhosis  with  high  gamma  globulin  but  low  albumin  (29). 

The  possibility  that  the  placenta  may  also  synthesize  gamma  globulin  has  been 
studied  by  fluorescent  antibody  technique  (30).  In  a  mother  with  acquired 
agammaglot)ulinemia  the  newborn  had  agammaglobulinemia  from  the  time  of 
birth  until  he  began  to  synthesize  his  own  gamma  globulin.  In  this  mother 
despite  antigenic  stimulation  no  antibody  could  be  demonstrated  during  the 
first  trimester  of  pregnancy;  it  was  demonstrable  during  the  third  trimester 
without  a  detectable  rise  in  the  gamma  globulin  level.  This  antibody  was  thought 
to  be  produced  by  the  placenta  (which  contained  plasma  cells),  since  none  was 
detectable  in  the  baby's  circulation.  On  the  other  hand,  Dancis  et  al.,  (31)  per- 
formed in  \  itro  studies  of  placentas  from  the  first  and  last  trimesters  of  preg- 
nancy and  noted  .synthe.sis  of  alpha  and  beta  globulins,  but  not  of  gamma 

From  the  I  )p]);irtment  of  Pediatrics,  The  Mount  Sinai  Hospital,  Xevv  York,  N.  Y. 

138 


HYPOGAMMAGLOBULINIOMIA  AN' I)  HYPKIUIAMM AdLOBl'LINEMIA 


139 


globulins.  Ill  the  iioi'iiuil  I'ull-tcnn  iicwhoni  {i;;unni;i  glohuliii  xnliics  lull  to  one- 
third  of  their  birth  value  by  one  month  of  age  and  further  gradual  decline  occurs 
up  to  about  three  months.  Synthesis  begins  })et\vecn  the  sixth  and  twelfth  weeks 
of  life  l)ut  a  physiological  hypogammaglobulinemia  exists  between  the  second 
and  fourth  months  of  life.  Normal  adult  levels  are  appi'oached  by  two  years  of 
age  but  frequently  not  attained  until  the  sixth  year. 

Most  plasma  proteins  are  synthesized  in  the  liver  (32)  but  gamma  gloljulins  are 
synthesized  in  the  reticulo-endothelial  system  and  bone  marrow  (3,  10,  12,  14, 
28,  33,  34).  A  high  degree  of  correlation  between  gamma  globulin  levels  and  the 
number  of  plasma  cells  in  the  bone  marrow  has  been  demonstrated  (33)  and  the 
localization  of  gamma  globulin  in  plasma  cells  and  in  the  germinal  centers  of 
lymph  nodes  has  been  carried  out  by  fluorescent  antibody  techniques  (10,  12, 
14).  Only  the  small  lymphocytes  in  the  germinal  centers  of  the  lymph  nodes  form 
gamma  globulin,  and  the  cells  have  to  be  in  aggregate  formation  to  be  productive. 
Ortega  and  Mellors  suggest  that  the  cellular  arrangement  resembles  that  of  a 
gland  and  that  gamma  globulin  is  released  by  holocrine  and  apocrine  secretion 
(12).  Mature  and  immature  plasma  cells  also  form  gamma  globulin  as  do  macro- 
phages but  circulating  lymphocytes  and  larger  lymphocytes  do  not  (8).  In  all 
instances  the  fluorescent  antibody  technique  localized  the  gamma  globulin 
formation  in  the  cytoplasm  and  no  nuclear  participation  was  demonstrated. 

The  finding  of  low  gamma  globulin  levels  and  reduced  lymph  tissue  in  germ- 
free  rats  and  chicks  suggests  that  bacteria  stimulate  gamma  globulin  formation 
(35,  36).  Viral  and  bacterial  infections  show  similar  changes  in  the  percentage 
distribution  of  serum  proteins,  principally  a  decrease  in  albumin  and  an  increase 
in  gamma  globulin  (37). 

The  mechanism  and  site  of  degradation  are  unknown.  The  half-life  differs 
with  the  method  of  study.  With  radioactive  iodine,  tagged  gamma  globulin  has 
l)een  reported  to  have  a  half -life  of  17  to  22  days  (8)  and  9  to  20  days  (9),  with 
of  19  days  (8)  with  S^^  of  20  to  35  days  (8)  and  25  to  125  days  (9).  Wiener 
(38)  by  studying  Rh  antibody  levels  has  found  the  half  life  to  be  30  to  35  days. 
IvTch  antibody  is  degraded  at  a  different  rate,  the  half  life  varying  between  21.7 
and  45  days  (9b,  11).  From  studies  of  patients  with  agammaglobulinemia  who 
have  been  given  gamma  globulin,  the  half  life  has  been  reported  to  be  36  days 
(!)),  32.6  days  (11),  and  30  days  (3).  Using  immunochemical  methods  it  has 
been  found  by  Gitlin  to  be  between  30  and  60  days  (7).  The  variable  results  are 
attributed  in  part  to  differences  in  methods,  to  possible  detrimental  effects  of 
radioactivity  on  gamma  globulin,  to  diflficulties  associated  with  iodination  (7) 
and  to  the  variety  of  proteins  administered  (9).  Gitlin  notes  that  a  little  over 
half  the  injected  gamma  globulin  disappears  from  the  serum  into  interstitial 
fluid  shortly  after  injection  (7,  8)  and  Martin  (11)  found  that  injected  gamma 
globulin  is  distributed  in  a  fluid  volume  of  approximately  12  per  cent  of  the  body 
weight.  Studies  of  antibody  level  of  administered  gamma  globulin  have  shown  a 
1  to  40  dilution  after  injection  into  agammaglobulinemic  patients.  The  gamma 
globulins  are  in  a  constant  state  of  flux  but  there  is  no  knowledge  as  to  the 
regulation  of  their  level. 
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"Fhe  level  may  \)v  decreased  for  various  reasons: 

(a).  Malnutrition,  rarely  eue(juntered  clinically  hut  used  as  an  experimental 
tool. 

(h).  Injury  to  the  synthesizing  tissue  by  radiation,  nitrogen  mustard,  meta- 
static disease,  or  steroids. 

(c)  .  Deficiency  of  synthesis  for  reasons  that  are  not  understood  as  in  congenital 
and  acquired  agammaglol^ulinemia. 

(d)  .  Increased  destruction  or  loss  as  seen  in  severe  hemorrhage,  burn,  infection, 
chronic  diarrhea,  hyperthyroidism  and  nephrosis  (39). 

The  level  may  be  increased  with  repeated  antigenic  stimulation,  chronic  in- 
flammatory disease,  collagen  disease,  liver  disease,  immunological  disorders, 
sarcoidosis,  amyloidosis  and  beryllium  poisoning  as  well  as  in  lymphomas  and 
multiple  myeloma  (8,  40-44).  There  may  also  be  increased  levels  of  abnormal 
globulins  and  larger  globulins  with  molecular  weights  up  to  1,000,000  which 
move  with  the  gamma  globulins  electrophoreticall}^  are  normally  not  found  in 
significant  quantities,  and  whose  function  is  little  understood  (40,  44,  45). 

THE  DETERMIXATIOX  OF  SERUM  GAMMA  GLOBULIN' 

Various  methods  exist  for  the  estimation  of  the  serum  gamma  globulin  level : 
(a).  Moving  boundary  electrophoresis  and  paper  chromatography. 
(I)).  Precipitation  by  various  salts  or  metals. 

(c)  .  Ethanol  fractionation  (Cohn's  method,  46). 

(d)  .  Immunochemical  (Gitlin,  7,  8). 

All  of  the  above  methods  have  some  inadeciuacies.  The  precipitation  methods 
lead  to  large  errors  if  the  gamma  globulin  level  is  low — and  a  low  level  may  not 
be  detectable  by  electrophoresis.  The  precipitation  methods  entail  losses,  if  the 
gamma  globulin  is  to  be  separated,  which  have  been  minimized  in  Cohn's  pro- 
cedure. The  immunochemical  method  detects  very  low  amounts  but  hetero- 
geneous immunochemical  composition  may  lead  to  error  which,  if  levels  are 
indeed  low  may  be  relatively  large  (8).  Protein  that  will  be  part  of  the  gamma 
gloliulin  fraction  by  the  immunochemical  or  fractionation  procedures  would 
nevertheless  not  be  classified  as  such  if  it  mo\'es  more  rapidly  by  electrophoresis. 

HYPOGAMMAGLOBULIXEMIA 

Congenital  agammaglobulinemia  was  first  described  by  Bruton  who  noted  in- 
creased incidence  of  infection  and  lack  of  antibodies  (1,  2).  His  patient  was  a 
male,  and  subsecjuent  reports  of  congenital  cases  have  described  only  males 
(3-6,  13).  The  disease  represents  an  inborn  error  of  metal)olism,  inherited  as  a 
sex-linked  recessive  (8,  13).  The  two  brothers  reported  below  illustrate  this 
syndrome. 

CASE  REPORTS 

Case  1 

Rb.  A.  72893)  a  6  >'ear  old  white  boy  was  first  admitted  to  The  Mount  Sinai  Hospital 
in  October  of  1956  with  a  history  of  persistant  cough  following  an  episode  of  pneumonia  in 
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19.55,  iiighl  sweats  and  low  grade  fever.  He  liad  chroiiie  (l(>niiat  it  is  since  the  age  of  tfirc^e 
months,  at  which  time  he  develoijed  atopic  eczema.  The  sicin  disease  subsequently  had  heen 
associated  with  frequent  abscesses  and  had  been  treated  with  cortisone  as  well  as  antibi- 
otics. He  was  subject  to  frequent  upper  respiratory  infections,  and  one  year  prior  to  ad- 
mis.sion  he  developed  pneumonia  for  which  he  was  treated  intermittently  for  three  to  four 
months  with  sulfonamides,  erythromycin  and  tetracycline.  The  patient  continued  to  cough, 
have  night  sweats  and  run  a  low-grade  fever.  Four  months  prior  to  admission  he  began  to 
expectorate  more  than  100  cc.  of  greenish  sputum  daily  and  one  month  prior  to  admission, 
there  was  an  episode  of  hemoptysis.  The  parents  noted  beginning  clublting  of  the  fingers. 
There  was  no  history  of  jjertussis,  foreign  body  ingestion  or  e.xposure  to  tuberculosis.  The 
patient  had  two  attacks  of  "asthma"  which  were  treated  with  ej)inei)hrine  injections  at  the 
age  of  six  months.  In  June  1956,  he  had  a  negative  PPD,  and  spvitiuii  concentration  for 
tubercle  bacilli  was  negative.  He  has  always  had  very  poor  oral  hygiene. 

The  developmental  history  was  normal.  He  had  had  routine  diphtheria,  pertussis  and 
tetanus  immunizations  and  two  Salk  polio  vaccine  injections,  the  last  one  two  months 
prior  to  admission. 

The  father  reacts  with  urticaria  to  penicillin  and  tetanus  antitoxin.  The  paternal  aunt, 
and  the  maternal  uncle  and  grandmother  all  have  allergic  histories.  The  mother  has  one 
sister  living  and  well.  Three  brothers  died  in  infancy;  one  of  pneumonia,  one  of  measles 
and  one  following  mastoidectomy-  (Fig.  1). 


MOTHER  FATHER 
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Rn.  A 


ALL  MALES  THAT  DIED  IN  INFANCY- 
PRESUMED  "AGAMMAGLOBULINEMIA" 

"AGAMMAGLOBULINEMIA"  PATIENTS 
HEREIN  DESCRIBED 


Fig.  1.  The  family  members  were  studied  clectrophoretically .  The  parents  and  the  ma- 
ternal aunt  as  well  as  all  of  the  father's  relatives  that  could  be  .studied  had  a  normal  protein 
pattern.  No  family  member  excreted  uroporphyrin  in  the  urine  and  no  one,  including  the 
patients,  excreted  porphol)iliiiogen  in  the  urine. 
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Physical  examination  revealed  a  chronioally  ill  and  pale  appearing  white  male  with 
cough,  early  clubbing  of  the  fingers  but  no  cyanosis.  Temperature  was  101. 4°F.,  pulse  rate 
120  per  minute,  respiratory  rate  20  per  minute.  The  skin  showed  numerous  scars  from  healed 
abscesses.  There  were  scalj',  as  well  as  lichenified  lesions  on  the  scalp,  hands  and  feet  and 
around  the  ears.  A  few  pustules  were  seen  in  the  same  areas.  The  pharynx  was  injected  and 
there  was  minimal  erythema  of  the  left  ear  drum;  only  one  small  anterior  cervical  lymph 
node  was  felt.  The  mouth  showed  very  poor  oral  hygiene,  multiple  cavities  with  abscess 
formation  at  the  roots  of  many  teeth.  The  right  hemidiaphragm  moved  less  than  the  left; 
there  was  bronchial  breathing  and  dullness  to  percussion  at  the  right  base.  Rhonchi  were 
scattered  throughout  all  liuig-fields  with  occasional  wheezing  but  no  rales  were  heard.  The 
heart  was  not  enlarged  and  there  was  a  normal  sinus  rhythm.  The  spleen  was  three  centi- 
meters below  the  left  costal  margin.  The  patient  was  normal  in  height  and  weight. 

Serial  urinalyses  were  normal.  Hemoglobin  11.4  grams  per  cent,  white  blood  count  18,400 
per  cubic  millimeter  with  50  per  cent  segmented  neutrophils,  32  per  cent  band  forms,  12 
per  cent  lymphocytes  and  6  per  cent  monocytes.  The  sedimentation  rate  was  12  millimeters 
per  hour.  Subsequent  blood  counts  during  his  hospital  stay  showed  the  hemoglobin  to  range 
between  10.9  grams  per  cent  and  12.8  grams  per  cent,  with  a  normal  white  blood  cell  count 
and  differential.  Mean  corpuscular  hemoglobin,  mean  corpuscular  volume  and  mean  cor- 
puscular hemoglobin  concentration  were  all  within  normal  limits,  as  was  the  platelet  count. 
First  and  second  strength  PPD  were  negative  and  the  Schick  test  was  positive.  Nose  and 
throat  culture  revealed  hemophilus  para-influenza  and  staphylococcus  aureus,  the  latter 
sensitive  to  erythromycin.  Sputum  examination  showed  aerobacter  arogenes.  Several  blood 
cultures  were  negative.  X-ray  examination  of  the  chest  showed  infiltration  in  both  bases 
extending  up  to  the  eighth  rib  on  the  right  and  tenth  rib  on  the  left.  In  the  right  anterior 
oblique  view  a  collapsed  segment  of  left  lower  lobe  w^as  noted.  The  heart  and  mediastinum 
were  normal.  Sinus  films  showed  cloudy  ethmoids  and  antra.  Bronchoscopy  revealed  puru- 
lent material  to  be  coming  primarily  from  the  right  lower  lobe  bronchus;  its  culture  showed 
enterococci  and  gram  negative  chromogens.  Bronchogram  revealed  fusiform  cylindrical 
bronchiectasis  involving  all  basilar  segments  of  the  right  and  left  lower  lobes  but  sparing 
the  superior  segments  of  both  lower  lobes.  A  similar  process  was  seen  to  involve  the  superior 
and  inferior  segments  of  the  lingular  portion  of  the  left  upper  lobe.  Stool  trypsin  was  pres- 
ent in  a  dilution  of  1:1000  and  sweat  test  showed  normal  sodium  and  chloride  content. 

The  patient  was  treated  hy  postural  drainage,  nebulization  with  isviprel  and  oral  erythro- 
mycin and  chloramphenicol  therapy.  Temperature  became  normal  after  two  days  but  the 
cough  persisted.  Dermatological  consultation  concurred  in  the  diagnosis  of  chronic  derma- 
titis, probably  of  an  atopic  nature  and  skin  biopsy  confirmed  this.  The  skin  lesions  were 
treated  at  first  with  hydrocortisone  ointment  and  later  with  Tarbonis"  ointment.  Within 
one  week  of  therapy  most  skin  lesions  had  healed  with  some  erythematous  scaling  lesions 
remaining  on  the  extensor  surfaces  of  the  hands  and  on  the  ear  lobes.  Serum  electrophoresis 
showed  absence  of  gamma  globulins. 

Special  Studies 

1.  Schick  test:  The  Schick  test  was  positive  in  spite  of  r(nitine  diphtheria  immuniza- 
tion. 

2.  Isohemagglutinins :  There  were  no  anti  B  hemagglutinins  although  the  patient  was  of 
blood  type  A. 

3.  Protein  fractionation  according  to  Cohn's  method  was  performed  by  Russ  (47). 

Total  Protein   6.3  gm.  7o 

Fraction  IV,  V,  VI   5.3  gm.  % 

Fraction  II   0.1  gm.  % 

Fraction  I,  III   0.9  gm.  % 

Fractions  IV,  V,  and  VI  represent  mostly  albumin.  Fraction  II  contains  90  to  95  per  cent 
of  the  gamma  globulin,  and  in  addition  1  to  4  per  cent  albumin  and  4  to  6  per  cent  beta-2 
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globulin.  Fraction  I  and  1 1 1  coiit  :iin  t  he  al|)ha  and  beta  globulins  and  2  to  10  per  cent  gamma 
globulin.  A  low  ganiniu  globulin  level  wa.s  thus  detected. 

4.  Serum  globulin  analysis  according  to  method  of  Greenspan  (48).  Results: 

Normal  Rb.  A. 

Mucoprotein   75  mg.  %  122  mg.  % 

Acid  precipitable  globulin  turbidity   4-8  units  13.7  units 

Zinc  sulfate  turbidity   4-8  units  0.5  units 

This  analysis  showed  high  alpha  and  beta  globulins,  suggestive  of  chronic  infection; 
the  gamma  globulins  were  virtually  absent  but  nevertheless  detected  by  this  method. 

5.  Bone  marrow  aspiration  revealed  an  absence  of  plasma  cells.  The  marrow  was  hyper- 
cellular  with  an  increase  in  eosinophilic  forms,  and  increased  erythroid  activity  leading  to 
a  markedly  altered  myeloid-erythroid  ratio. 

6.  Smallpox  vaccination:  An  accelerated  take  occurred  within  3  to  4  days  without 
complication,  five  years  after  the  primary. 

One  month  after  admission,  the  patient  developed  bilateral  otitis  media  with  bulging  of 
Schrapnell's  membrane  on  the  left  side  and  fever  of  102°F..  He  did  not  have  a  leukocytosis 
but  there  were  56  per  cent  polymorphonuclear  leukocytes  on  smear.  Three  days  later  there 
were  no  polymorphonuclear  leukocytes,  but  75  per  cent  lymphocytes  and  25  per  cent  mono- 
cytes. Antibiotic  therapy  was  changed  to  novobiocin  and  temperature  returned  to  normal 
within  36  hours.  The  eardrum  continued  to  bulge  and  after  a  further  period  of  observation 
of  one  week  a  myringotomy  was  performed.  Culture  of  the  drainage  revealed  no  growth. 
The  incision  healed  slowly  and  the  patient  was  discharged  to  be  followed  in  clinic. 

At  the  time  of  discharge  from  the  hospital  he  was  given  0.1  gram/Kg.  of  gamma  globulin 
and  instructed  to  take  tetracycline  prophylactically.  In  addition  he  was  to  use  isuprel 
nebulization,  frequent  postural  drainage  and  pHisohex®  and  Tarbonis®  ointment  on  his 
skin  lesions. 

For  the  past  year  he  has  received  0.1  gram/Kg.  of  gamma  globulin  at  six-week  inter- 
vals and  no  serious  illness  has  occurred.  The  amount  of  sputum  produced  has  gradually 
decreased  so  that  he  now  expectorates  between  25  and  30  ml. /day.  X-rays  have  shown  clear- 
ing of  all  infiltrates  except  for  an  area  at  the  right  base  adjacent  to  the  cardiac  border. 
Sputum  cultures  grew  Aerobacter  aerogenes  and  Hemophilus  influenza  resistant  to  anti- 
biotics; after  six  months  cultures  became  jjositive  for  staphylococcus  aureus  and  the  anti- 
biotic was  changed  to  novobiocin.  The  skin  lesions  have  not  recurred  and  the  ear  has  re- 
mained well.  The  spleen  is  no  longer  palpable.  Hemoglobin  has  risen  to  12.6  grams  per  cent 
and  white  blood  cell  counts  and  differentials  have  remained  within  normal  limits. 

Gamma  globulin  could  not  be  demonstrated  by  electrophoresis  as  early  as  two  weeks 
after  its  administration. 


Case  2 

Rn.  A.  (#74094)  is  the  2]^.  year  old  brother  of  the  above  patient.  He  was  admitted 
to  The  Mount  Sinai  Hospital  for  study  of  repeated  superficial  skin  infections  and  arthralgia 
of  the  knees.  He  first  developed  a  skin  infection  following  vaccination  at  the  age  of  one 
year.  It  is  not  known  whether  the  vaccination  took,  but  a  large  abscess  subsequently 
developed.  At  one  and  a  half  years  of  age  the  patient  developed  multiple  superficial  skin 
abscesses  particularly  on  the  face,  neck  and  cxt  rcinities.  These  were  treated  with  soaks 
and  erythromycin,  but  nevertheless  persisted  for  six  months.  About  five  months  prior  to 
admission  he  developed  arthralgia  of  both  knees,  with  pain  on  walking;  this  was  not  treated. 
The  parents  noted  progressive  swelling  and  warmth  of  the  joints  but  no  redness.  The  pain 
was  described  as  most  severe  in  the  mornings  and  abating  during  the  course  of  the  day.  No 
other  joint  complaints  were  elicited.  Two  weeks  prior  to  admission  the  child  developed  a 
cough,  expectoration  of  some  white-yellowish  phlegm  and  a  running  nose.  He  had  no  fever, 
and  was  not  treated. 
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(Irowth  and  dcvclitpincnl  and  past  history  were  unrpinarkablc.  He  had  received  routine 
imnuinizations  for  di])htheria,  pertussis  and  tetanus  as  well  as  two  Salk  polio  vaccinations. 

Physicid  examination  revealed  a  thin,  pale,  chronically  ill-appearing  white  boy.  Blood 
pre.s.sure  105/70,  pulse  rate  140  per  minute,  respiratory  rate  20  per  minute,  temperature 
99°F.,  weight  26}'2  pounds.  The  skin  presented  many  pitted  scarred  areas  on  the  extremities, 
chin  and  neck.  Examination  of  the  eyes,  ears,  and  pharynx  was  unremarkable.  The  neck 
showed  multiple  small  anterior  and  posterior  cervical  lymph  nodes.  There  were  also  lymph 
nodes  in  the  epitrochlear,  axillary  and  inguinal  regions.  The  heart  and  lungs  were  normal 
clinically.  The  liver  was  four  centimeters  below  the  right  costal  margin  and  the  spleen  was 
not  felt.  Neurological  examination  was  within  normal  limits.  The  thigh  and  calf  muscles 
showed  wasting  with  enlargement  of  both  knees,  the  right  more  than  the  left.  The  knees 
were  warm  t)ut  no  fluid  was  noticeable  and  a  patellar  click  could  not  be  elicited.  Extension 
was  limited  l)y  five  degrees  on  the  right  and  five  to  ten  degrees  on  the  left.  There  was  ques- 
tionable enlargement  of  the  wrists. 

Hemoglobin  was  13.9  grams  per  cent  with  16,000/cu.  mm.  white  blood  cells,  49  per  cent 
segmented  neutrophils,  8  per  cent  band-forms,  29  per  cent  lymphocytes,  5  per  cent  eosino- 
phils, 5  per  cent  basophils,  and  4  per  cent  atypical  lymphocytes.  The  sedimentation  rate 
was  12  mm.  per  hour.  Urine  was  normal.  Nose  and  throat  cultures  revealed  hemophilus 
parainfluenza  and  streptococcus  viridans.  The  blood  cultures  showed  no  growth.  The  first 
and  second  strengths  PPD  were  negative.  The  total  protein  was  6.7  grams  per  cent,  4.7 
grams  per  cent  albumin,  2.0  grams  globulin.  X-rays  of  the  chest  showed  a  poorly  defined 
hazy  infiltration  adjacent  to  the  region  of  the  left  ventricular  apex  and  examination  of  the 
bones  showed  soft  tissue  swelling  about  both  wrists  and  both  knees  with  bulging  of  the 
capsules  of  these  four  joints. 

Because  of  agammaglobulinemia  in  the  patient's  older  brother,  this  diagnosis  was  im- 
mediately entertained.  It  was  held  that  rheumatoid  arthritis  was  responsible  for  the  child's 
arthralgia  and  limitation  of  motion  in  the  knees  and  the  orthopedic  consultant  concurred 
in  that  diagnosis.  A  consulting  physiatrist  found  that  the  right  knee  extension  was  limited 
at  135  degrees  and  left  knee  extension  at  160  degrees  and  it  was  his  opinion  that  active 
stretching  exercises  after  warm  tub  baths  would  increase  his  range  of  motion.  Electro- 
phoretic  analysis  of  his  serum  failed  to  show  gamma  globulin. 

Special  Studies 

1.  Schick  test;  The  Schick  test  was  positive  in  spite  of  routine  diphtheria  innnunization. 


2.  Isohemagglutinins :  The  patient  was  of  Ijlood  type  AB;  the  test  was  not  applicable. 

3.  Protein  fractionation  performed  by  Russ  (47): 

Total  Protein   6.4  gm.  % 

Fraction  IV,  V,  \T   5.1  gm.  % 

Fraction  11   0.1  gm.  % 

Fraction  I,  III   1.2  gm.  % 

A  low  gamma  globulin  level  was  thus  detected. 

4.  Serum  globulin  analysis  according  to  metluxl  of  Cireenspan  (48).  Results: 

Mucoprotein   102  mg.  % 

Acid  precipitable  globulin  turbidity   10.2  units 

Zinc  sulfate  turludity   0.5  units 


This  analysis  showed  high  alpha  and  beta  globulins,  suggestive  of  chronic  infection;  the 
gamma  globulins  were  virtually  absent  but  nevertheless  a  low  level  was  detected  l)y  this 
method. 

5.  Bone  marrow  aspiration  revealed  an  absence  of  plasma  cells.  The  marrow  was  hyper- 
cellular  with  an  increase  in  eosinophilic  forms,  and  increased  erythroid  activity  leading  to 
a  markedly  altered  myeloid-erythroid  ratio. 
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6.  Smallpox  vaccination:  An  accclciatcil  take  occurred  witliin  '.i  to  4  days  without  com- 
plication, ll4  years  after  the  origiiuil  vaccination. 

Shortly  after  admission,  the  patient  (kwclopcd  rhonciii  in  the  left  chest  ])osteriorly . 
Hronchopneunionia  was  diagnosed  and  treated  with  aqueous  procaine  penicillin  injections 
and  oral  tetracycline  therapy  with  prompt  improvement.  Three  weeks  after  admission  the 
l)atient  developed  fever  of  103°F.  with  chills  and  tachypnea.  Physical  examination  at  that 
time  showed  minimal  pharyngeal  injection  and  questionable  dullness  and  coarsening  of 
l)reath  sounds  at  the  right  base  posteriorly.  His  treatment  was  changed  to  erythromycin 
and  chloramphenicol  by  mouth  without  diminution  of  fever  which  continued  at  102°  to 
llKi°F..  Two  days  later  the  jjatient  began  to  vomit  his  medications  which  were  then  given 
intravenously  and  intrainuscularly.  Vomiting  decreased,  but  diarrhea  liegan  and  after  36 
liours  the  patient  had  a  generalized  clonic  convulsion,  lasting  about  20  seconds,  followed 
by  several  similar  seizures.  He  was  treated  with  intramuscular  barbiturates  without  re- 
sponse so  that  the  convulsions  were  stopped  with  chloroform  inhalation.  At  the  time  the 
patient's  urine  was  brownish-red  in  color  with  specific  gravity  of  1.022,  2  to  3  plus  albumin 
and  positive  tests  for  hemoglobin  and  uroporphyrin.  Thereupon  all  medication  was  stopped, 
with  rapid  improvement,  cessation  of  diarrhea,  the  passing  of  normal  urine  and  return  of 
temperature  to  normal  values. 

At  the  time  of  the  fever,  nasopharyngeal,  throat,  blood  cultures  and  stool  e.xaminations 
revealed  no  pathogens.  Two  cerebros|)inal  fluid  examinations  showed  normal  pressure,  cell 
count,  sugar  and  protein.  Blood  counts  had  shown  a  gradual  drop  in  hemoglobin  to  8.7 
grams  per  cent  and  diniiiuition  in  j)oiymorphonuclear  leukocytes.  Just  prior  to  the  febrile 
episode  there  were  4,500  WBC/cu.  mm.,  only  2  per  cent  segmented  neutrophils,  3  per  cent 
band  forms,  76  per  cent  lymphocytes,  7  per  cent  eosinophils,  4  per  cent  monocytes,  8  per 
cent  atypical  lymphocytes.  The  fall  in  hemoglobin  was  attributed  to  the  large  amount  of 
blood  required  for  the  various  tests  then  being  jjerformed.  It  was  suggested  that  the  tetra- 
cycline drug  might  be  responsible  for  the  nputro])enia  or  that  the  neutropenia  might  be  a 
feature  accomi)anying  the  aganuu.iglohulinemia. 

Bone  marrow  examination  showed  normal  cellularity,  increased  erythroid  activity  with 
an  altered  myeloid  erythroid  ratio.  On  a  large  bone  marrow  survey  increased  eosinophiles 
but  only  one  plasma  cell  was  noted.  The  hemoglobin  gradually  rose  to  10  grams  per  cent 
by  the  time  of  discharge.  The  differential  blood  count  still  showed  a  relative  lymphocyto- 
sis. Only  during  the  febrile  episode  itself  was  there  a  mild  shift  to  the  left  with  32  per  cent 
segmented  neutrophil  cells  and  11  per  cent  eosinophils  with  a  total  white  blood  count  of 
7,200  cells  per  cubic  millimeter. 

Following  the  episode  of  convulsion,  the  urine  was  repeatedly  tested  for  porphyrin;  but 
no  porphyrin  excretion  was  noted.  But  after  the  patient  received  Seconal  sedation  for 
an  electroencephalogram  a  trace  of  uro]jorphyrin  was  detected  in  the  urine.  The  electro- 
encephalogram was  normal.  Blootl  chemistries  (sodium,  potassium,  carbon  dioxide,  chlo- 
ride, calcium,  blood  sugar,  urea  nitrogen)  all  were  normal  during  the  period  of  fever,  vomit- 
ing and  diarrhea. 

The  patient  then  continued  afebrile  until  the  time  of  discharge.  He  was  given  0.1  grams/ 
Kg.  of  gamma  globulin  at  the  time  of  discharge  and  instructed  to  receive  prophylactic 
tetracycline  therapy.  He  was  to  continue  physiotherapy  for  his  knee.  For  the  past  year  he 
has  received  injections  of  gamma  globulin  at  six-week  intervals.  He  has  had  two  episodes 
of  mild  upper  res))irat or\-  infection  witlKJut  fever.  Rn.  A.  has  regained  full  use  of  his  knees 
after  a  period  of  weekly  physiotherapy-.  Antibiotic  therapy  was  changed  to  erythromycin 
after  three  months  because  he  developed  diarrhea  on  the  tetracycline  preparation.  Six 
weeks  later  systemic  antibiotics  were  discontinued  entirely  but  an  eye  infection  prompted 
the  use  of  local  Polysporin*  ointment.  Hemoglobin  rose  to  12  grams  per  cent  with  a  normal 
differential  and  white  blood  cell  count.  The  patient  has  been  gaining  weight  and  is  develop- 
ing normally. 

As  early  as  two  weeks  after  its  injection  into  this  patient,  gamma  globulin  could  not  be 
demonstrated  b\'  electrophoresis. 
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DISCUSSION' 

The  term  ■■Agammaglobulinemia"  was  introduced  by  Bruton  (2)  but  Pearce 
(49)  proposed  "Congenital  Idiopathic  Hypogammaglobulinemia".  The  latter 
name  is  more  accurate  but  it  is  difhcult  to  use  in  a  discussion. 

The  sex-linked  recessive  characteristic  of  the  congenital  disorder  is  well  dem- 
onstrated by  the  family  tree  of  the  two  patients  presented  above  (Figure  1). 

In  one  instance  of  agammaglobulinemia,  the  patient's  mother  also  had  low 
serum  gamma  globulin  (49) ;  in  another  instance,  both  the  mother  and  a  sibling 
had  hypergammaglobulinemia  (50).  Agammaglohulinemic  patients  with  hyper- 
gammaglobulinemia in  both  parents  have  been  cited  (51,  52).  Zelman  and  Lewin 
(51)  have  suggested  the  possibility  that  a  single  recessive  gene  may  give  rise  to 
hypergammaglobulinemia  and  the  double  gene  to  hypogammaglobulinemia.  The 
occurrence  of  acquired  agammaglobulinemia  in  two  adult  brothers  has  also  been 
reported  (53). 

Hypogammaglobulinemia  may  occur  as  an  acquired  disease,  in  either  sex  and 
at  any  age  (9,  50-66);  a  case  of  a  girl  has  been  reported  with  the  onset  of  her 
disease  at  eight  months  of  age  (49).  Adults  have  had  the  disease  in  association 
with,  or  perhaps  as  a  result  of,  lymphomas,  leukemia  (53,  54),  sarcoidosis  (55), 
and  other  diseases  of  the  reticuloendothelial  .system  (51,  52,  55-60).  One  patient 
had  a  large  thymus  at  63  years  of  age  (9)  and  several  had  splenomegaly  with 
hypersplenism,  neutropenia  and  acfjuired  hemolytic  anemia  (49,  52,  56,  59). 
Impro\-ement  after  splenectomy  has  been  reported  (58).  In  one  instance,  the 
patient's  lymph  nodes  and  .spleen  were  so  large  that  the  diagnosis  of  giant  follicu- 
lar lymphoblastoma  was  at  first  suspected  (53).  The  association  of  sprue  is 
frequently  mentioned  (50,  51,  58,  61-63). 

The  syndromes  of  congenital  and  acquired  agammaglobulinemia  have  been 
uncovered  by  the  availability  of  antibiotics  for  the  treatment  of  recurrent  bac- 
terial infections,  such  as  meningitis  or  pneumonia  (67).  Complications  especially 
bronchiectasis,  arthritis  and  hearing  difficulties  are  common  (3,  68-70). 

Physiologic  hypogammaglobulinemia  may  contribute  to  sudden  death  in 
infancy  and  Schick  has  proposed  the  use  of  gamma  globulin  against  infections 
during  this  period  (71,  72).  The  protective  properties  of  gamma  globulin  particu- 
larly against  infections  with  gram  negative  organisms  have  been  emphasized  (73). 

Infants  with  edema,  hypoproteinemia  and  hypogammaglobulinemia  have 
been  reported  (74-79).  In  some  instances  the  syndrome  persisted  up  to  fifteen 
months  of  age  and  anemia,  hypoferremia  and  hypocupremia  were  also  demon- 
strated. These  infants  had  a  normal  amount  of  plasma  cells,  responded  to  anti- 
genic stimulation  with  antibody  rise  and  made  spontaneous  recoveries.  Relatively 
inadetiuate  protein  synthesis  with  rapid  degradation  ha^-e  been  held  responsible 
for  the  hj^poproteinemia  (77). 

Once  the  diagnosis  of  agammagloi)ulinemia  has  been  indicated  by  electro- 
phoresis other  corroborati\'e  studies  can  be  performed: 

A.  Schick  test:  The  Schick  test  is  positive  in  spite  of  routine  diphtheria  im- 
munization. This  was  true  in  the  two  cases  presented. 

B.  I sohemagglutinins:  The  isohemagglutinins  are  a  part  of  the  beta-2  globulin 
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fraction  now  ('onsi(i(M-od  a  faster  moving  gamma  globulin  (19-21);  they  are 
lacking  in  patients  with  agammaglobulinemia  and  fail  to  develop  even  after 
injection  of  mis-matched  blood.  Case  1  was  of  blood  type  A,  but  had  no  detectable 
anti-H  hemagglutinins.  The  second  patient  was  of  blood  type  AB,  and  the  test 
was  not  applicable. 

Both  of  the  above  tests  are  simple  screening  tests  for  the  diagnosis  of  agamma- 
globulinemia in  suspected  patients. 

C.  Protein  fractionation  according  to  Cohn's  method:  This  is  a  more  sensitive 
method;  both  patients  had  100  mg.  per  cent  gamma  globulin  and  hence  strictly 
speaking  should  be  considered  hypogammaglobulinemic. 

D.  Serum  globulin  analysis  (Greenspan  48)  measures  the  mucoprotein  (repre- 
senting 25  per  cent  of  the  alpha-1  globulins),  the  acid  precipitable  globulin  tur- 
bidity (representing  mostly  alpha-2  and  beta  globulins),  and  the  zinc  sulfate 
turbidity  (representing  90%  of  the  gamma  globulin).  The  globulin  profile  ob- 
tained is  of  value  in  diagnosing  "dysproteinemic"  diseases. 

This  analysis  in  our  patients  showed  high  alpha  and  beta  globulins,  suggestive 
of  chronic  infection;  the  gamma  globulins  were  virtually  absent  but  nevertheless 
detectable  by  this  method. 

E.  Bone  marrow  aspiration  revealed  an  absence  of  plasma  cells  in  conformity 
with  the  studies  previously  described  which  relate  the  plasma  cell  to  gamma 
globuHn  synthesis. 

F.  Lymph  tissue:  Patients  lack  palpable  lymph  nodes;  the  absence  of  adenoid 
tissue  may  be  used  as  an  x-ray  screening  test  for  congenital  agammaglobulinemia 
(80-82).  Lymph  node  biopsies  have  shown  no  discrete  germinal  centers  and  anti- 
genic stimulation  has  not  given  rise  to  antibody  .synthesis  (14).  In  accjuired 
agammaglobulinemia,  howe\'er,  lymph  node  enlargement  is  seen  in  many  pa- 
tients (51,  53,  57,  63). 

G.  Antibody  response:  Studies  reported  include  the  lack  of  antibody  develop- 
ment in  agammaglobulinemic  patients,  after  vaccination  with  tetanus,  typhoid 
vaccine,  pneumococcic  polysaccharides,  spotted  fever  and  Q  fever  vaccines  and 
the  Salk  polio  vaccine  (3,  9,  13).  Positive  Dick  tests  have  been  found  after 
scarlet  fever. 

H.  Virus  infection:  Patients  seem  to  behave  differently  towards  virus  than 
towards  bacterial  infections.  Patients  who  have  had  rubeola,  rubella  and  varicella 
have  been  repeatedly  re-exposed  without  acquiring  a  second  infection.  Similarly 
patients  have  had  a  normal  course  on  exposure  to  certain  adenovirus  infections, 
the  common  cold,  and  poliomyelitis  (3).  One  patient  is  reported  to  have  developed 
paralytic  poliomyelitis  (with  isolation  of  type  I  poliovirus  from  the  stool)  while 
on  gamma  globulin  prophylaxis  for  hypogammaglobulinemia  (49).  Recurrent 
parotitis  has  been  reported  (1)  but  mumps  virus  may  not  always  be  responsible. 
Two  patients  have  been  reported  with  infectious  hepatitis,  whose  disease  pro- 
gressed to  a  fatal  outcome  (3). 

No  antibody  is  demonstrable  after  poliomyelitis  or  influenza  immunization, 
no  complement-fixing  antibody  after  an  attack  of  nnunps  and  no  neutralizing 
antibody  after  herpes  simplex  infection  (3,  4,  9,  13).  Patients  who  have  had  a 
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iioiinal  plinuuy  response  to  vaccination  have  subseqiUMitly  shown  innnnne  or 
accelerated  reactions  when  revaccinated  {'A,  9,  8;^).  Other  patients  have  developed 
generalized  vaccinia  or  vaccinia  gangrenosa  (84-88).  Kozinn  reports  a  fatal 
A-accination  i-eaction  in  a  three  month  old  infant  with  agammaglobulinemia 
whose  mother  also  had  a  low  serum  gamma  globulin  kn-el.  In  this  patient  hemag- 
glutination inhibition  and  neutralizing  antibody  could  nevertheless  be  demon- 
strated. The  lymph  nodes  draining  the  vaccination  lesions  failed  to  enlarge  and 
treatment  with  gamma  globulin  and  hyperimmune  serum  was  unsuccessful  (84). 
More  recently  antivaccinial  gamma  globulin  has  been  successfully  used  (89). 
It  should  also  be  recalled  that  at  three  months  of  age  the  passi\-ely  acciuired  anti- 
body is  at  a  low  level.  Both  our  patients  were  revaccinated.  An  accelerated  take 
occurred  within  three  to  four  days  without  complication,  five  years  after  the 
primary  in  case  1  and  1}^  years  after  the  original  vaccination  in  case  2. 

Whether  the  low  levels  of  gamma  globulin  that  are  present  in  the  agamma- 
globulinemic  patient  are  sufficient  to  protect  against  virus  infection  but  not 
against  bacterial  infection  remains  to  be  shown.  The  possiljilities  exist  that  a 
cellular  antibody  may  be  in\-olved  or  that  \  irus  latency  in  .some  cells  protects 
them  against  reinfection. 

I.  Delayed  sensifivifu:  Bacterial  and  fungal  hypersensitivity  and  po.sitive  puri- 
fied protein  derivative  tests  in  patients  with  agammaglobulinemia  are  known 
(13,  16,  56,  64,  90).  The  transference  of  a  positive  purified  protein  derivative  test 
and  hence  delayed  sensitivity  to  a  patient  with  agammaglobulinemia  by  the 
intravenous  and  subcutaneous  injection  of  white  blood  cells  from  a  sensitized 
donor  has  been  reported;  the  reaction  has  persisted  for  two  years,  longer  than 
can  be  attril)uted  to  the  survival  of  the  leukocytes  (3,  9,  13,  16).  Agammaglob- 
ulinemic  patients  can  be  sensitized  to  2-4  dinitrofluorobenzene,  a  hapten,  and 
to  diphtheria  toxoid  })y  intradermal  injection  and  this  sensitivity  can  be  trans- 
mitted to  others  by  injection  of  vial)le  leukocytes  but  not  of  serum.  The  mech- 
anism for  the  development  of  delayed  allergy  is  therefore  intact  in  these  patients 
(3,  13). 

Good  has  shown  that  patients  with  congenital  agammaglobulinemia  support 
skin  transplants  from  totally  incompatible  donors,  whereas  patients  with  ac- 
quired agammaglobulinemia  reject  homografts  (3,  15).  Antibody  is  produced  in 
patients  with  actjuired  agammaglobulinemia  by  implanted  lymph  nodes,  working 
for  approximately  150  days,  with  ultimate  rejection  of  the  node.  Delayed  cuta- 
neous hypersensitivity  to  the  donor  leukocytes  also  appeared  (10). 

J.  Other  studies:  Complement  and  properdin  levels  have  been  found  to  be 
normal;  the  former  may  even  be  elevated,  possibly  indicating  that  it  is  not  being 
utilized  (8).  Pituitary-adrenal  function  has  been  studied  and  found  to  be  normal, 
and  liver  biopsy  and  function  tests  have  been  normal. 

Hematological  Findings 

Patients  suffer  from  a  variety  of  hematological  disturbances.  The  lack  of 
plasma  cells  and  lymphoid  tissue  has  been  mentioned.  Neutropenia  has  been  re- 
ported frequently,  often  of  a  cyclic  nature  (3,  39,  91,  92).  Case  1  had  no  poly- 
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morphoiiuclcar  leukocytes  ;it  the  time  of  his  attack  of  olitis  and  Case  2  had 
niai'ked  neutropenia  with  his  febrile  illness.  Transient  or  persistent  lymphopenia 
has  been  reported,  as  well  as  eosinopenia,  and  a  regenerative  anemia  (50,  53,  50, 
58,  76,  86,  91,  92).  Accjuired  hemolytic  anemia  with  negative  Coombs  test  has 
been  seen  (11,  44). 

Primiti\'e  heniogloi)in,  normally  found  in  the  early  months  of  fetal  life  has 
l)een  found  in  association  with  severe  hypoproteinemia  and  agammaglobulinemia 
(93). 

''Collagen  Disease"  and  Allergic  Disorders 

The  association  of  aganunaglobulinenna  and  "collagen  disease"  has  been  noted 
by  several  observers.  Good  and  Janeway  stress  the  frequency  of  rheumatoid 
arthritis,  one-third  of  the  former's  patients  having  involvement  of  the  large 
joints,  especially  the  knees  (16,  17,  39).  Septic  arthritis  or  its  residual  has  to  be 
ruled  out.  Scleroderma,  dermatomyositis  and  lupus  erythematosis  have  been 
reported  (17).  In  the  latter  condition  the  possibility  that  the  low  gamma  globulin 
is  secondary  to  renal  involvement  has  to  be  kept  in  mind.  There  is  no  recorded 
instance  of  glomerulonephritis,  rheumatic  fever  or  post-infectious  encephalo- 
myelitis' (8). 

Eczema  has  been  recorded  by  Van  Creveld  (83)  as  has  skin  sensitivity  to 
poison  ivy  (13).  And  more  recently  reports  have  appeared  of  acquired  hypo- 
gammaglobulinemia associated  with  bronchial  asthma  (Freedman,  S.  O.,  Brown, 
E.  B.,  and  Myers,  P.  A.:  Hypogammaglobulinemia  and  Bronchial  Asthma.  Am. 
J.  Med.,  25:  961,  1958  and  Pointer,  T.  S.,  and  Karst,  D.  R.:  Studies  on  Ac- 
quired Hypogammaglobulinemia.  New  Eng.  J.  Med.,  260:  15,  1959. 

TREATMENT 

The  recommended  treatment  for  patients  with  agammaglobulinemia  is  the  in- 
jection of  gamma  globulin  0.1  gram/Kg.  of  body  weight,  intramuscularly  every 
three  to  six  weeks.  The  frecjuency  of  injection  depends  on  the  patient's  need; 
cases  have  been  reported  who  required  injections  every  20  days;  the  two  patients 
reported  here  have  not  needed  injections  more  than  once  every  six  weeks. 

HYPERGAMMAGLOBULINEMr.\ 

The  syndrome  of  recuri'ent  infections  with  hepato-splenomegaly,  lymphadenop- 
athy  and  hypergammaglobulinemia  was  first  reported  by  Janeway  et  al.  (94, 
95).  The  usual  sites  of  infection  were  the  skin  and  respiratory  tract  and  the  pa- 
tients frequently  had  pulmonary  infiltrates,  eosinophilia  and  neutropenia  (91, 
94,  96).  Pathological  studies  revealed  increased  numbers  of  plasma  cells  in  bone 
marrow,  spleen  and  lymph  nodes.  All  of  the  features  of  this  syndrome  are  dem- 
onstrated by  the  following  case. 

CASE  REPORT 

E.  p.  (^81315)  i.s  a  12  year  old  white  Jewish  female  who  was  admitted  to  The  Mount 
Sinai  Hospital  for  the  first  time  because  of  recurrent  infections.  At  two  weeks  of  age,  the 
patient  develo])ed  a  rash  over  her  entire  body.  At  four  months  of  age,  she  had  an  episode 
characterized  by  fever,  purulent  ear  drainage  and,  on  her  back,  a  crop  of  vesicles  not  sur- 
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roiiiulrd  liy  ciyt  lieiiia .  F'roiii  then  to  the  picsctit  time,  she  has  had  recurrent,  temperature 
elevations,  "fever  blisters"  on  her  tongue  and  lip,  and  oar  drainage  every  three  to  four 
weeks.  She  was  first  seen  at  another  hospital  where  sulfanilamide  treatment  was  begun,  but 
immediately  diseontiiuied  because  of  gramdocytopenia.  It  was  not  known  if  this  hati  existed 
prior  to  the  start  of  treatment.  She  was  then  treated  with  penicillin  and  discharged  after 
six  weeks.  However,  one  month  later,  she  again  had  fever  with  purulent  discharge  from 
both  ears  and  she  was  seen  at  a  second  hospital  where  she  had  several  further  admissions 
with  the  same  complaint.  Granulocytopenia  was  repeatedly  noted.  Vincent's  angina  infec- 
tion of  the  mouth  was  also  diagnosed.  She  then  had  three  admissions  to  a  third  hospital  and 
five  further  admissions  to  the  first  hospital  with  the  same  complaints.  She  was  treated  with 
Iienicillin,  but  responded  slowly.  At  one  time,  she  was  given  blood  transfusions,  but  nothing 
further  is  known  about  this  episode.  At  two  years  and  three  months  of  age,  she  had  a  pro- 
loufied  admission  to  the  first  hospital  where  lione  marrow  studies  and  cervical  lymph  node 
hio])sy  were  done,  but  the  results  of  these  studies  are  not  known.  She  then  had  contiiuied 
episodes  every  three  weeks  of  fever,  purulent  discharge  from  both  ears,  considerable  lymph 
node  enlargement,  stomatitis  and  skin  rashes.  She  was  admitted  to  another  hospital  at  the 
age  of  three  and  one-half  years.  She  had  purulent  ear  drainage  and  a  purpuric  petechial  rash 
over  the  feet  and  legs.  The  only  other  physical  findings  of  note  were  enlarged  anteriorcervical 
lymph  nodes  and  shotty  posterior  cervical  lymph  nodes.  The  laboratory  studies  during  t  hat 
admission  revealed  anemia,  an  elevated  sedimentation  rate,  and  staphylococcus  areus 
hemolyticus  was  cultured  from  the  right  ear.  The  total  proteins  were  8.6  grams  per  cent, 
with  4.8  grams  per  cent  of  albumin  and  3.8  grams  per  cent  of  globulin.  X-rays  of  the  mastoid 
areas  were  negative.  X-rays  of  the  long  bones  showed  moderately  severe  osteoporosis.  Her 
course  showed  continuous,  though  slow,  improvement  and  it  was  noted  that  she  had  eosino- 
philia  which  gradually  decreased  as  the  number  of  her  polymorphonuclear  cells  increased. 
Bone  marrow  study  showed  a  relatively  slight  increase  in  nuclear  red  blood  cells  and  lym- 
phocytes. Tonsillectomy  and  adenoidectomy  were  done;  the  patient  had  a  stormy  post- 
operative course  with  high  fever,  associated  with  neutropenia  and  she  had  to  receive  500 
ml.  of  blood.  Thereafter,  she  made  stead>'  im])rovemoiit  and  was  discharged.  Another  bone 
marrow  study  again  showed  an  increase  in  eosinophilic  cells,  monocytes  and  lymphocytes. 

Shortly  after  her  discharge,  she  was  readmitted  to  still  another  hospital  with  pneumonia. 
Thereafter,  her  course  was  as  previously  described  with  frequent  admissions  to  a  variety  of 
hospitals.  At  the  age  of  six  years,  a  splenectomy  was  performed.  The  splenectomy  was  not 
followed  by  any  marked  improvement,  except  a  slight  decrease  in  the  frequency  of  "fever 
blisters".  She  then  received  a  course  of  steroid  therapy  which  was  continued  for  three  years 
and  then  followed  by  a  week's  treatment  with  ACTH.  There  were  no  significant  variations 
in  her  periodic  relapses  with  fever  and  draining  ears,  except  that  her  mother  thought  that 
there  was  a  decrease  in  frequency  and  number  of  fever  blisters. 

Five  weeks  before  admission,  another  bout  of  pneumonia  occurred  with  cough,  fever  and 
right-sided  flank  pain.  She  was  treated  with  antibiotics  and  after  discharge  had  recurrent 
right  ear  drainage  and  fever.  Two  weeks  before  admission,  the  patient  had  a  recurrence  of 
the  right-sided  pain  with  fever  and  she  was  referred  to  The  Mount  Sinai  Hospital. 

A  close  review  of  the  family  history  gave  no  evidence  of  Hodgkin's  disease,  diabetes  or 
chronic  illness.  One  of  the  patient's  sisters  died  at  the  age  of  six  months  following  illness 
characterized  by  vomiting  and  diarrhea.  Another  sister  died  at  the  age  of  two  years  of  tuber- 
culosis. Twin  brothers  died,  one  of  diarrhea  at  the  age  of  six  months,  and  one  following  a 
severe  bout  of  measles  at  the  age  of  three  years.  A  maternal  aunt  has  gallbladder  disease; 
the  other  aunt  is  healthy.  The  patient  has  two  sisters  by  another  father,  one  of  whom  has 
rose  fever  and  atopic  eczema.  Three  nephews  and  nieces,  children  of  the  patient's  oldest 
sister  are  well. 

The  physical  examination  on  admission  showed  blood  pressure  98/60,  respirations  12  per 
minute,  pulse  rate  100  per  minute  and  regular,  temperature  98°F..  The  patient  is  a  well 
develojjed  thin  female,  pale  and  listless,  and  in  no  acute  distress.  There  were  no  rashes  or 
petechiae.  The  ears  revealed  bilateral  cicatrization  of  the  tympanic  membranes  with  a 
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largo  circular  pciforat  ion  on  tlic  ri^lit-  llit'  month  sliowcd  ninKiva!  inllaniination,  |)0()r 
dentition  and  very  large  lingual  tonsils.  J'jxamination  of  tlu-  lungs  revealed  percussion  dull- 
ness in  the  right  lower  lobe  area  posteriorly,  but  nothing  abnormal  was  detected  on  auscul- 
tation. Cardiac  examination  was  normal.  Abdominal  examination  was  unremarkable  except 
for  a  splenectomj'  scar  in  the  left  ujjper  quadrant.  Neuromuscular  examination  was  normal 
except  for  bilaterall.\-  defective  hearing  by  air  conduction. 

Initial  blood  count  showed  a  hemoglobin  of  8.2  grams  per  cent,  a  white  blood  count  of 
12,650  cells  per  cubic  millimeter  with  32  per  cent  segmented  forms,  15  per  cent  bands,  35 
per  cent  lymphocytes,  9  per  cent  monocytes,  2  per  cent  eosinophils  and  7  per  cent  atypical 
lymphocytes.  Blood  count.s  performed  about  three  times  weekly  and  sometimes  daily 
showed  her  total  white  count  thereafter  to  remain  within  normal  limits.  At  intervals  of  17 
to  21  days,  her  polyniorijhonuclear  leukocytes  fell  to  between  one  and  three  cells  per  cent. 
At  this  time,  there  was  often  eosinophilia,  once  up  to  14  per  cent.  The  other  cells  were  mostly 
lymphocytes  with  10  to  15  per  cent  monocytes  and  occasionally  some  basophils,  atypical 
lymphocytes  and  immature  cells.  Her  red  blood  cell  count  was  3.72  million  per  cubic  milli- 
meter and  the  platelet  count  was  290,000  per  cubic  millimeter  and  normal  on  several  repeat 
examinations.  Red  blood  cell  mean  corpuscular  volume  was  90  cubic  microns,  mean  corpus- 
cular hemoglobin  was  27  micromicrograms,  and  the  mean  corpuscular  hemoglobin  concen- 
tration was  30  per  cent.  Reticulocyte  count  was  1.2  per  cent;  serum  iron  was  42  gamma  per 
cent.  Iron  binding  capacity  was  224  grams  per  cent.  By  the  time  of  discharge  her  hemo- 
globin had  risen  to  11.1  grams  per  cent. 

Bone  marrow  examinations  were  performed  on  t  Incc  occasions  with  the  following  results : 
The  marrow  was  hypercellular  and  showeil  adcciuaU'  megakaryocytes.  Myeloid  elements 
were  decreased,  lymphocytes  and  eosinophils  were  increased  and  there  was  a  marked  in- 
crease in  plasma  cells.  Immature  myelocytic  forms  w^ere  seen  but  mature  neutrophilic  cells 
were  rare  or  absent. 

Four  examinations  of  the  total  protein  and  albumin-gloi)ulin  fractions  were  performed 
during  her  hospital  stay  as  indicated  in  the  following  chart: 


Total  protein  Albumin  Globulin 

9.1  2.2  6.9 

7.4  3.6  3.8 

8.3  4.0  4.3 

7.0  3.9  3.1 


Serum  electrophoresis  revealed  diminished  albiunin,  increased  globulin  and  extremely 
elevated  gamma  globulin.  The  paper  electrophoresis  pattern  showed  a  wide  spread  of  the 
gamma  globulin  in  contrast  to  the  "spike"  characteristically  shown  with  myeloma  and 
Waldenstrom's  macroglobulinemia.  Serum  globulin  fractionation  showed  an  increase  in 
zinc  sulphate  turljidity  indicative  of  gamma  globidin  elevation,  with  normal  mucoprotein 
and  acid  precipitable  globulin  turbidity.  The  patient's  mother  and  two  sisters  had  normal 
serum  protein  on  electrophoresis;  her  father  had  a  slight  decrease  in  the  gamma  globulin 
level . 

The  calcium  was  11.6  mgm.  per  cent;  the  phosphorous  3.1  mgm.  per  cent;  uric  acid  3.9 
mg.  per  cent.  The  total  bilirubin  was  0.29  mgm.  per  cent  and  one  minute  bilirubin  was  0.05 
mgm.  per  cent.  The  thymol  turbidity  was  repeated  four  times  with  the  following  results: 
5.0  units,  2.9  units,  2.5  units,  and  2.5  units.  Cephalin  flocculation  was  also  repeated  several 
times  showing  3+  at  first,  then  2+,  then  negative  on  two  occasions,  and  later  1-f.  The  blood 
cholesterol  was  214  mgm.  per  cent  on  one  occasion  and  252  mgm.  per  cent  on  another  occa- 
sion with  esters  194  mgm.  per  cent.  Alkaline  phosphatase  was  8.6  KAU.  Bromsvdphalein 
test  showed  3  per  cent  dye  retention.  The  serum  amylase  was  65  units.  The  prothrombin 
time  was  normal  on  two  occasions.  A  24  hour  urine  specimen  contained  30  mgm.  of  sterco- 
bilin  i)er  24  hours,  also  within  normal  limits.  Urinalysis  was  normal  on  several  occasions. 

Stool  examination  for  occult  blood  was  negative.  Two  blood  smears  for  lupus  erythe- 
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inatous  cells  were  negative;  liowever,  one  of  these  examinations  was  at  a  time  of  neiitro- 
jx'nia. 

The  nose  and  throat  culture  revealed  iineuinococcus,  staphylococcus  alhus,  neisseria 
catarrhalis  and  streptococcus  viridans  and  the  ear  culture  revealed  a  staphylococcus  alhus. 
Rejjeat  examination  during  her  hospital  stay  revealed  staphylococcus  aureus  type  A  in 
both  the  nasopharynx  and  the  ear  drainage.  Blood  cultures  were  negative. 

A  purified  protein  derivative  test  was  positive;  gastric  washings  and  guinea  pig  inocula- 
tions were  negative.  Serological  test  for  syphilis  was  negative.  The  Schick  test  was  nega- 
tive; cold  agglutination  titer  were  1:8,  Streptococcus  mg.  agglutination:  negative.  Anti- 
streptolysin-O  titer  was  250  units.  No  complement  fixing  antibody  test  against  adenovirus 
could  be  performed  because  the  blood  was  anticomplementary.  Direct  and  indirect  Coombs 
tests  were  negative. 

X-ray  examinations  of  the  chest  showed  poorly  defined  haziness  over  the  lower  part  of 
the  right  lung.  X-ray  examination  of  the  skeleton  showed  a  moderate,  but  definite  degree  of 
demineralizatioii  of  all  bones.  Mastoid  examination  showed  no  apparent  abnormality  of 
the  left  side,  but  there  was  slight  overall  haziness  on  the  right  side.  X-rays  of  the  mandible 
were  negative. 

The  patient's  course  was  characterized  by  recvu'rent  ear  infections  at  approximately 
three  weekly  intervals  associated  with  ear  drainage,  gingivitis,  swelling  of  the  right  side  of 
the  jaw  and  neutropenia.  A  dental  consultant  felt  that  she  had  a  peridontal  infection  above 
the  first  molar  on  the  right,  and  that  further  orthodontic  care  was  indicated.  An  otolaryn- 
gological  consultant  noted  the  findings  reported  above  and  audiology  showed  marked  con- 
duction deafness  on  the  right  side  with  only  minimal  impairment  on  the  left.  It  was  decided 
to  follow  the  patient  in  the  Out-Patient  Department  with  repeated  blood  counts  and  at 
tempt  to  control  the  infection  with  a  variety  of  antibiotics. 

DISCUSSION 

The  outstanding  features  of  the  syndrome  described  by  Janeway  et  al.,  (94, 
95)  are: 

1.  Kepeated  infection. 

2.  Hypergammaglobulinemia. 

3.  Splenomegaly. 

4.  Neutropenia. 

In  their  patients  immunochemical  analysis  of  the  gamma  globulin  was  normal 
(94)  but  electrophoretic  study  showed  the  level  to  be  between  1.5  and  6.0  grams 
per  cent,  whereas  the  normal  level  ranges  from  0.6  to  0.9  grams  per  cent.  The 
patients  had  antibodies  against  the  infecting  organisms  and  bacterial  antigen 
stimulation  resulted  in  normal  antibody  response. 

Causes  for  gamma  globulin  elevation  have  been  mentioned  in  the  first  part  of 
this  paper.  Contradictory  evidence  is  at  hand  especially  in  the  case  of  infection 
(96).  High  serum  gamma  globulin  has  been  reported  in  fatal  congenital  agranulo- 
cytosis (97)  as  early  as  three  and  a  half  months  of  age  (98).  It  may  or  may  not 
be  seen  in  patients  with  cystic  fibrosis  of  the  pancreas  or  bronchiectasis  (94,  99). 
It  may  be  low  (100)  or  high  (101)  in  acute  leukemia  and  normal  in  chronic  neutro- 
penia (102,  103).  It  has  been  attributed  to  hypersensitivity  (96,  99,  104,  105), 
but  hyperimmunization  does  not  produce  it  (106). 

Other  explanations  for  the  high  gamma  globulin  level  are :  The  possibility  of 
a  dysgammaglobulinemia  with  abnormal  or  incomplete  antibodies  (107)  or 
excessive  antibody  formation  in  response  to  one  antigen  preventing  adequate 
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:iiit  ilxxly  syiil hcsis  oi'  ;uit  ilnxly  I'isc  in  I'csixiiisc  to  ol  her  ;iiit  ijj;('iis.  L;iii(liii<;'  ( lOS) 
r;iis(>s  llic  potssibilitv  ol  dys<i;ammaglohulin('ini;i  in  a  t^yndromo  in  nuuiy  respects 
similar  to  the  above.  It  includes  lymphadenitis,  aphthous  stomatitis,  enteritis, 
osteomyelitis  and  pneumonia  and  elevated  serimi  globulin.  Oi'gan  study  showed 
iniiltration  by  lipid  histiocytes  containing  yellow-brown  pignuMil.  ( lood  re- 
ports an  increased  incidence  ot  hypergammaglobulinemia  with  inflammatory 
liver  disease  in  preadolescent  and  adolescent  females  (3). 

Leonhardt  (109)  describes  a  family  of  fourteen  siblings  of  whom  four  had  a 
mild  serum  gamma  globulin  elevation;  four  of  the  others  had  a  marked  serum 
gamma  globulin  elevation;  three  of  the  latter  had  lupus  erythematosus.  The 
familial  incidence  raises  the  possibility  of  a  genetic  trait  being  responsible  for 
hypergammaglobulinemia  much  as  it  has  been  implicated  in  agammaglobuli- 
nemia. 

The  accompaniment  of  hypogammaglol)ulinemia  with  collagen  disease  has 
been  stressed.  The  accompaniment  of  collagen  disease  with  hypergammaglobuli- 
nemia is  known.  An  enzyme  deficiency  in  protein  synthesis  probably  on  a  genetic 
basis  may  be  the  fundamental  disturbance  causing  the  syndromes,  and  there 
may  thus  be  a  relationship  between  them. 

Neutropenia  may  be  responsible  for  the  increased  incidence  of  infection.  The 
spleen  does  not  seem  to  be  the  primary  regulator  of  the  neutrophil  level  for 
splenectomy  has  not  altered  that  level  even  when  a  leukocyte  agglutinin  was 
demonstrated  (103).  Most  patients  have  slight  symptomatic  improvement  after 
splenectomy.  Splenomegaly  itself  may  be  secondary  to  repeated  infection,  but  in 
two  siblings  it  was  noted  before  infections  increased  in  incidence  (94). 

Cyclic  neutropenia  has  recently  been  reviewed  (110);  it  is  characterized  by 
the  regular  disappearance  of  neutrophils  from  the  circulation  approximately 
every  three  weeks.  The  neutropenic  stage  is  associated  with  fever,  malaise  and 
ulcers  in  the  oral  mucosa.  There  may  be  intermittent  arthralgia,  abdominal  pain, 
pharyngitis,  lymphadenitis  and  other  infections  in  some  patients. 

Between  attacks  the  neutrophils  may  attain  normal  levels.  The  total  white 
blood  count  remains  fairly  constant  so  that  there  is  a  relative  monocytosis. 

Bone  marrow  studies  have  usually  revealed  hypoplasia  with  "maturation 
arrest"  of  the  cells  of  the  granulocytic  series  but  immature  cells  disappear  prior 
to  the  neutropenia  and  reappear  before  neutrophils  return  to  the  circulation. 

Causes  have  been  sought  in  the  menstrual  cycle;  neither  sex  nor  adrenal  hoi'- 
mones  could  be  implicated.  Antibodies,  C-reactive  protein  and  delayed  sensi- 
tivity were  studied  and  found  normal.  The  neutrophils  migrate  normally  and 
have  normal  phagocytic  activity  and  leukocyte  agglutinins  or  serum  factors 
toxic  to  neutrophils  have  not  been  found.  Cyclic  neutropenia  therefore  differs 
from  chronic  immunoneutropenia  in  which  condition  the  clinical  picture  is  similar 
but  leukocyte  agglutinins  have  been  demonstrated  in  vivo  and  in  vitro  (103). 
Familial  incidence  has  been  reported  (111). 

Treatment  by  splenectomy  or  with  adrenal  hormones  has  resulted  in  .symp- 
tomatic reUef  in  a  few  patients  but  without  a  change  in  the  l)lood  picture.  Good 
(110)  reports  a  decrease  in  both  the  gamma  globulin  level  and  in  the  number  of 
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plasma  colLs  in  the  bone  marrow  in  a  patient  on  steroid  therapy,  without  change 
in  the  neutrophil  cycle. 

The  period  of  maximum  symptomatology  in  our  patient  regularly  preceded 
the  maximimi  neutropenia  by  one  or  two  days;  this  might  be  explained  by 
"utilization"  of  the  neutrophils. 

Many  attempts  have  been  made  to  establish  causal  relationships  between  the 
clinical  features  listed  above.  Some  explanatory  theories  have  been  presented. 
Cyclic  neutropenia  has  been  reported  in  association  with  agammaglobulinemia 
as  well  as  with  hypergammaglobulinemia.  The  entire  syndrome  may  l)e  a  mani- 
festation of  a  more  fundamental  disturbance. 

SUMMARY 

The  physiology  of  the  gamma  globulins  has  been  re\'iewed.  Two  brothers  with 
hypogammaglobulinemia  and  a  twelve  year  old  girl  with  hypergammaglobuline- 
mia and  cyclic  neutropenia  are  reported.  Studies  and  theories  pertinent  to  these 
conditions  among  many  cases  reported  in  the  literature  have  been  presented. 
The  first  syndrome  is  now  well  defined.  It  is  not  known  whether  hypergamma- 
globulinemia is  a  primary  or  secondary  phenomenon,  nor  whether  it  can  be 
related  to  the  neutropenia. 

The  possibility  has  been  raised  that  hypogammaglobulinemia  and  hyper- 
gammaglobulinemia are  related  and  caused  by  an  enzyme  defect  in  protein 
synthesis. 
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IXTHODrCTION 

The  following  report  presents  the  findings  of  a  preliminary  psychiatric  ex- 
ploration, extended  in  time  and  l)a.sed  npon  a  large  sample,  that  was  made  of 
medical  ward  admissions  to  The  Alonnt  Sinai  Hospital  of  New  York.  The  study 
was  designed  to  answer  the  following  (juestions: 

1.  What  is  the  incidence  of  emotional  illness  among  our  medical  ward  patients? 
What  types  of  psychiatric  conditions  are  present? 

2.  Does  any  relationship  exist  between  the  medical  and  psychiatric  conditions 
found?  Is  psychiatric  illness  found  more  often  with  certain  medical  diseases  than 
with  others? 

o.  Do  the  psychiatric  conditions  found  show  any  relationship  to  age,  sex, 
religion,  or  race? 

4.  Does  a  medical  illness  reiiuiring  hospitalization  have  any  effect  on  the  psy- 
chic equilibrium  of  the  patients?  Does  this  effect  differ  with  the  degree  of  emo- 
tional stability  present? 

PREVIOUS  STUDIES 

Zwerling  et  al.  (1)  studied  200  surgical  admissions  to  a  general  hospital 
through  psychiatric  interviews,  psychological  testing  and  social  histories.  A 
diagnosable  mental  disorder  was  found  in  86  per  cent  of  the  patients  seen.  In 
48.5  per  cent  of  the  cases  there  was  a  significant  relationship  between  the  patient's 
surgical  status  and  emotional  disorder.  This  relationship  consisted  of  a  psycho- 
genic simulation  of  surgical  illness,  behavior  patterns  producing  surgical  illness, 
psychological  factors  contributing  to  tissue  changes  and  psychological  factors 
aggravating  surgical  illness. 

Berger  (2)  surveyed  1000  consecutive  new  patients  in  the  office  practice  of 
internal  medicine.  He  found  that  "72  per  cent  were  .  .  .  suffering  entirely  from 
functional  diseases  .  .  .  the  remaining  28  per  cent  possessed  a  large  functional 
component  in  their  otherwise  organic  illnesses."  Mittlemann  et  al.,(3)  studied  450 

*  Thi.s  inve.stigatioii  vv;is  supported  by  a  grant  from  The  New  York  Foundation.  ^ 
Presented  at  the  Annual  Meeting  of  the  American  Psychiatric  As.sociation,  San  Fran- 
cisco, California,  May  1958. 
From  the  Department  of  Psychiatry,  The  Mount  Sinai  Hospital,  New  York,  N.  Y. 
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male  lucdical  and  surgical  admissions  in  tlic  IS  to  45  year  a^c  ji;rou|)  by  means  ol' 
psychiatric  intciN  icw  and  t'ound  that  .'iO  |)('r  cent  had  some  form  of  pcrsonahly 
disturhan(;e. 

The  marked  difference  in  the  lin(hii<^s  of  these  suiacvs  alone  iiuhcates  a  need 
for  further  study.  The  sample  upon  which  the  present  study  is  bused  differs  from 
these  prior  studies  in  that  it  includes  medical  ward  admissions  only,  of  all  adult 
ages  and  both  sexes. 

PROCEDURE 

Selection  of  Snhjccfs 

The  medical  service  of  The  Mount  Sinai  Hospital  has  two  male  and  two  female 
wards  with  a  liaison  psychiatrist  assigned  to  each.  On  a  specified  day,  every  weelc, 
each  psychiatrist  inter\  ie\\ed  all  patients  admitted  to  his  ward  during  the  previ- 
ous 24  hour  period.  These  admissions,  varying  from  none  to  six  per  ward,  com- 
prised the  sample  of  this  study.  The  collection  of  data  extended  over  nearly  one 
full  year  so  that  seasonal  variations  in  numbers  and  types  of  admissions  were 
controlled.  When  a  liaison  psychiatrist  was  on  vacation,  a  hfth  psychiatrist 
(S.  F.)  gathered  the  data.  During  the  data  collecting  period,  a  total  of  281 
patients  were  examined.  Of  these,  28  could  not  l)e  interviewed,  either  due  to  the 
serious  nature  of  their  illness  or  because  of  a  language  barrier.  The  sample  of  this 
study,  therefore,  comprises  25.')  medical  ward  admissions. 

It  should  be  borne  in  mind  that  the  findings  with  the  sample  used  in  this  study 
cannot  be  extended  to  the  general  population.  Mrst,  all  subjects  were  ill  enough 
to  recjuire  hospitalization,  setting  the  sample  aside  fi'om  the  rest  of  the  popula- 
tion. Further,  the  unitary  nature  of  any  organism  indicates  that  a  medical  disease 
requiring  hospitalization  may  possibly  have  been  induced  or  made  more  severe 
by  stress  based  on  psychic  factors.  On  the  other  hand,  a  precariously  maintained 
psychic  balance  may  be  upset  by  organic  processes,  leading  to  a  more  blatant 
picture  of  psychiatric  disease  than  could  otherwise  be  seen. 

Another  deviation  from  the  general  population  was  that  54.7  per  cent  of  the 
patients  in  our  sample  were  Jewish  and  cultiu'al-religious  differences  may  be 
related  to  differences  in  child-rearing  ways  and  subsequent  differences  in  types 
of  psychiatric  illness.  An  additional  deviation  of  this  sample  from  the  general 
population  was  that  the  subjects  were  all  urljan  ward  patients. 

Collection  of  Data 

Each  patient  was  inter\'iewe(l  by  one  of  the  fi\'e  liaison  psychiatrists  for  a 
maximum  of  one  hour  and  each  interview  included  a  brief  mental  status  exami- 
nation, and  a  psychiatric,  social,  and  psychosexual  history.  While  patients  may 
have  been  seen  for  further  interviews  since  the  interxiewer  was  also  the  ward 
liaison  psychiatrist,  this  study  is  based  essentially  upon  the  initial  interview. 
Each  examiner  included  a  diagnostic  evaluation  and  a  characterological  sketch  of 
the  patient  in  his  report.  The  following  additional  data  were  obtained  from  the 
medical  chart:  age,  sex,  race,  marital  status,  religion,  and  final  medical  diagnosis. 
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RESULTS 

F rciliiciictj  (//  I'sijcliinlric  Ilhtctis 

The  diagnostic  system  employed  in  this  study  varied  slightly  from  that  pub- 
lished in  lO.VJ  l)v  the  American  Psychiatric  Association  in  that  we  replaced  the 
AI*A  headings  of  "Personality  Disorder"  In'  "Character  Disorder"  with  appro- 
priate subheadings,  and  "Hiain  Syndrome"  by  "Organic  Brain  Disease"  and 
"Senility". 

Although  any  diagnostic  system  must  necessarily  ha\'e  recourse  to  discrete 
diagnostic  categories  which  cannot  do  full  justice  to  the  complex,  adaptive  and 
\  ariable  structure  of  the  human  psyche,  it  was  always  possible  to  make  a  diag- 
nosis within  this  framework.  On  occasion,  when  it  was  neces.sary  to  make  more 
than  one  diagnosis,  tlie  patient  was  classified  so  as  to  reflect  the  more  profoimd 
psychiatric  picture  for  the  puipo.se  of  this  study. 

Case  I 

A  65  year  old  woman  .showed  a  life  long  pattern  of  moderately  heavy  drinking,  marked 
dependency,  labile  social  relations,  and  minimum  overt  anxiety  or  depression;  inilicating 
an  infantile  character  disorder.  However,  during  the  interview,  she  manifested  niunerous 
signs  of  a  senile  psychosis  and  she  was  so  classitipd  for  this  study. 

The  type  and  frequency  of  psychiatric  illness  found  are  summarized  in  Table 
I.  The  outstanding  finding  is  that  some  diagnosable  psychiatric  condition  was 
found  in  169  (66.8%)  of  the  253  patients  studied.  The.  benign  psychiatric  dis- 
ortlers  were  the  most  freciuently  found  psychiatric  illness.  There  were  35  cases 
(13.7%)  of  C-haracter  Disorders  and  91  cases  (36.0%)  of  Psychoneuroses  of  all 
types.  l''unctional  psychoses  were  fovmd  in  19  cases  (7.5%).  Of  these,  Schizo- 
phrenias, either  overt,  latent  or  in  remission,  totalled  14  cases  (5.5%).  Senility, 
with  or  without  psychosis,  was  found  in  13  patients  (5.1%). 

Medical  Disease  and  Psychiatric  Illness 

Of  the  study  sample  of  253  patients,  final  medical  diagnoses  were  obtainable 
for  208.  The  remaining  45  cases  were  either  still  hospitalized  or,  if  discharged  or 
deceased,  had  as  yet  no  final  diagnoses  charted.  A  difficulty  in  comparing  medical 
disease  and  psychiatric  illness  was  that  the  208  patients  had  over  sixty  different 
medical  diseases  listed  as  the  primary  diagnosis.  Only  one,  arteriosclerotic 
heart  disease,  appeared  as  many  as  twenty  times,  and  only  one  other,  diabetes 
mellitus,  as  often  as  fifteen  times.  For  this  reason,  individual  medical  disease 
entities  could  not  be  well  correlated  with  the  frecjuency  of  psychiatric  illness. 
Instead,  the  data  were  synthesized  under  three  major  headings  and  then  cor- 
related with  the  freciuency  of  psychiatric  illness  (Table  II). 

1.  Those  diseases  for  which  at  least  a  partial  psychogenic  etiology  has  been 
claimed,  and  variously  called  psychosomatic  diseases,  organ  neuroses,  or  psycho- 
pathophysiological  disorders.  These  included  51  cases  of  whom  82.3  per  cent 
were  found  to  have  a  concurrent  psychiatric  disease. 

2.  Those  patients  presenting  an  initial  diagnostic  prolilem  and  a  later  conclu- 
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TABLE  1 


Summary  of  diagnoses 


Classification 

Number  and  Per  Cent  of  Patients 

i\ .  V  iiu  I'll  ('  t  (*r  ( iiso  I'Gcr 

11 

(4.4%) 

18 

(7.1%) 

6 

(2.3%) 

35  (13.7%) 

B.  Psyehoiieurosis 

16 

(6.3%) 

I  f  \  ■    t  iii'i  11    li^/~\it'\Ti^n^if\t"i       n  /l    » ■»  ri     111  f  1 

13 

(5.1%) 

4 

(1.6%) 

41 

(16.2%) 

15 

(6 

0%) 

Other  

2 

(0 

8%) 

All  psvchoneuroses  

91  (36.0%) 

14 

(5 

5%) 

Psychotic  depression  

2 

(0 

8%) 

Involutional  psvchosis  

2 

(0 

8%) 

1 

(0 

4%) 

19  (7.5%) 

D.  Senility 

Without  psychosis  

9 

(3 

5%) 

Senile  psvchosis  

4 

(1 

6%) 

All  senilitv  

13  (5.1%) 

E.  Organic  brain  disease 

Without  psvchosis  

7 

(2 

7%) 

With  psychosis  

1 

(0 

4%) 

All  organic  brain  disease  

8  (3.1%) 

F.  Mental  defective  

1  (0.4%) 

G.  Psychiatric  disease,  undiagnosed  

2  (0.8%,) 

Total  with  psvchiatric  disease  

Total  without  psychiatric  disease  

169  (66.8%) 
84  (33.2%) 

sion  that  the  symptoms  were  functif)nal.  These  included  H)  cases,  of  whom  89.3 
per  cent  had  a  concurrent  psychiatric  iUness. 

3.  Those  comprising  all  other  medical  diseases.  These  included  138  cases  of 
whom  60.9  per  cent  were  found  to  have  a  concurrent  psychiatric  illness. 

This  last  percentage  is  .significantly  less  than  that  found  among  patients  with 
"psychosomatic"  disease.  It  is  also  significantly  less  than  the  proportion  of 
psychiatric  illness  found  in  the  group  with  functional  diagnostic  problems.  The 
extremely  high  incidence  of  psychiatric  iihie.ss  among  those  patients  who  were 
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TABLE  II 

Medical  and  psychiatric  disease 


Category 

With  Medical 
Diagnosis 

With  Psychiatric  Diagnosis 

T 
1  . 

"Psychosomatic"  fjioiip 

15 

l'e|)ti('  ulcer  

8 

H\'pertensive  CV  1)  

Q 

6 

Ulcerative  colitis  

1 

4 

c 
O 

4 

Others  

5 

5 

Total  "psvchosoiTiiitic"  group  

51 

42 

(82.3%) 

IT. 

Functional  "diagnostic  proi)lom"  group 

Gastrointestinal  

10 

9 

Cardiovascular  

5 

5 

Musculo-skeletal  

3 

2 

Respiratory  

1 

1 

Total  functional  group  

19 

17 

(89.5%) 

III. 

Other  medical  diseases  

138 

84 

(60.9%) 

diugiiostic  problem.s  agrees  with  the  findings  reported  by  Kaufman  and  Bern- 
stein (4)  who  studied  1000  unselected  cases  from  a  consultation  service  for 
diagnostic  problems.  They  found  that  81.4  per  cent  suffered  from  a  psychiatric 
illness.  The  present  findings  with  patients  showing  functional  disturbances 
strongly  implies  that  psychogenic  factors  are  closely  related  to  the  presented 
patt(>rn  of  symptoms. 

Rdatiomhip  of  Psijchialric  Illness  to  Age,  Sex,  Religion,  and  Race 

While  our  group  of  253  subjects  showed  considerable  diversity  as  to  age  and 
religion;  contained  both  Negro  and  white  patients,  and  were  about  equally 
divided  as  to  sex,  it  was  not  so  constituted  as  to  justify  generalizations  for  these 
variables.  However,  for  our  group  alone,  certain  characteristics  were  noted  and 
these  are  presented  below. 

Age  Differences 

The  age  of  240  of  our  subjects  was  known.  Distributing  the  group  by  decades, 
the  median  age  is  approximately  55  w-hile  the  range  is  from  14  to  89  years.  The 
sample  covers  eight  decades  with  the  mid-point  being  the  age  of  50.  One  hundred 
and  four  subjects  were  50  years  old  or  younger  while  142  were  from  51  through  89. 

The  fre(}uency  and  type  of  psychiatric  disease  for  all  subjects  by  decades  are 
summarized  in  Figure  1  and  Table  III.  If  the  four  older  decades  are  compared 
with  the  four  younger  decades,  we  note  the  following: 

1.  As  expected,  senility,  with  or  without  psychosis,  is  entirely  limited  to  sub- 
jects over  00  years  of  age. 
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WITHOUT  PJYCHIATRIC  DISEAijE 


11-20  21-30         31-1*0  U.-50  Sl-60         61-70  71-80         8l  / 

N«=16  29  29  30  U9  k9  38  6 

AGE 

Fig.  1 


TABLE  III 


Relative  incidence  of  psychiatric  disease  for  both  sexes,  older  versus  younger  sample  halves 


Diagnosis 

Frequency 
in  Pts.  50 
Yrs.  & 
Younger 
N  =104 

Frequency  in 
Pts.  51  Yrs. 
&  Older 
N  =  142 

Diff.  in 
Per  Cent 

Sigma  of 
Difference 

C.  R. 

Level  of 
Sigificance 

Psychoneurosis  mixed  type  

Psychoneurotic  depression .... 

10.6% 
10.6% 

3.5% 
21.1% 

7.1 

10.5 

3.4 
4.6 

2.09 
2'.  28 

.05 
.05 

2.  Psychoneurosi.s,  mi.xed  type,  is  sigiiificuntly  niuie  frtMiueiil  in  tlie  four 
younger  decades. 

3.  Psychoneurotic  depression  is  significantly  more  l're(iuent  in  the  older  half  of 
the  group.  It  is,  in  fact,  the  disorder  most  frecjuently  found  among  patients  over 
50  years  of  age,  occurring  in  21.1  per  cent  of  all  subjects.  This  may  be  a  response 
to  illness  at  this  age,  with  the  illne.ss  secondarily  representing  the  irrevocable  loss 
of  another  body  function.  In  the  male  group  alone,  it  occurs  six  times  more  fre- 
quently in  the  over  50  age  group  as  in  the  under  50  group  (critical  ratio  (C.R.) 
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TAB].E  IV 

Relative  incidence  of  certain  psychiatric  entities,  Jews  versus  non-Jews 


Diagnosis 

Frequency 
Among  Jews 
N  =  126 

Frequency 
AmonR  Non- 
Jews 
N  =  98 

Diff.  in  Per 
Cent 

Sigma  of 
Difference 

C.R. 

Level  of 
Significance 

Neurotic  depression 
Hysterias  

23.8% 
2.4% 

8.1% 
9.2% 

15.7 
6.8 

4.8 
3.2 

3.3 
2.1 

.01 

.05 

e(iuals  3.12).  It  is  also  noteworthy  that  there  was  no  sii^nifioant  age  difference  in 
the  incidence  of  neurotic  depressions  among  female  patients.  This  indicates  that 
the  age  difference  found  for  the  total  sample  is  due  to  the  marked  increase  with 
age  found  among  the  males. 

Among  our  female  patients,  two  differences  in  freijuency  of  psychiatric  diseases 
were  found  when  older  and  younger  decades  were  compared. 

1.  Significantly  more  younger  than  older  women  were  found  to  have  a  psycho- 
neurosis  with  hysterical  features  (C.R.  etjuals  2.30). 

2.  Significantly  more  younger  than  older  women  were  found  to  have  a  mixed 
psychoneurosis  (C.R.  etjuals  1.99). 

*SV.r  Differences 

When  males  were  compared  with  females,  one  significant  difference  was  found; 
namely,  that  females  were  diagnosed  as  psychoneurotic  depression  more  fre- 
quently than  were  males  (C.R.  equals  2.01).  The  authors  also  expected  to  find  a 
greater  freciuency  of  hystei'ia  among  the  female  patients  but,  although  a  higher 
proportion  was  found,  the  diffei-ence  was  not  statistically  significant. 

Religious  Differences 

The  religious  affiliation  was  known  for  231  of  the  253  subjects;  126  (54.7%) 
were  Jewish,  58  (25.0%)  were  Catholic,  40  (17.2%)  were  Protestant,  and  7 
(3.1  %)  were  of  other  religions.  Our  coniparison  was  made  between  the  126  Jews 
and  the  98  Christians,  i.e..  Catholics  and  Protestants  combined.  It  should  be 
borne  in  mind  that  ovu'  findings  can  apply  only  to  this  study  group  as  no  attempt 
was  made  to  stratify  oiu-  sample  as  to  religious  affiliation. 

Significant  differences  were  found  in  two  of  the  diagnostic  categories  (Table 
IV).  The  Jews  in  our  group  were  found  to  have  neurotic  depressions  more  fre- 
(|uently  than  did  the  non-Jews.  On  the  other  hand,  hysteria  was  found  more 
frequently  among  the  non-Jews. 

As  a  large  proportion  of  the  Roman  Catholics  were  also  Puerto  Rican  while 
many  of  the  Protestants  were  also  Negro,  these  factors  were  studied  separately 
to  evaluate  possible  bias  in  our  figures.  The  fretiuency  of  hysteria  for  Catholics 
was  nine  per  cent;  for  Puerto  Rican  Catholics  it  was  six  per  cent.  For  all  Protes- 
tants it  was  ten  per  cent,  and  for  Negro  Protestants,  eleven  per  cent.  This  indi- 
cates that  the  religious  differences  found  were  not  biased  by  the  factors  of  race  or 
national  origin. 
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R(U(  l)i IJcrcnccH 

When  races  were  coinpared,  no  significant  (lilTcrcncc  was  loiind  in  tlie  puttenis 
of  psychiatric  illness. 

.1  I'rcliminarji  Sludij  of  the  Effect  of  Medical  Illness  oti  I'si/chic  K(jiiilihriii)n 

When  our  study  had  been  about  two-thirds  completed,  the  interviewing  pro- 
cedure was  amended  in  an  attempt  to  compare  the  patients'  psychological  status 
Ix'fore  and  after  the  beginning  of  illness.  Each  patient  was  asked  to  report  any 
changes  that  he  noted  in  his  feelings  since  the  illness  started  and  whether  the 
illness  led  to  any  difficulties  in  terms  of  family,  job,  etc..  Affective  changes  and 
patterns  of  defensive  functioning  in  the  face  of  the  medical  illness  were  also 
noted. 

In  addition  to  the  cjualitative  description,  an  attempt  was  made  to  rate  quanti- 
tatively the  impact  of  the  medical  illness.  A  nine-point  scale  was  devi.sed,  assign- 
ing a  score  of  one  when  physical  illness  was  followed  by  an  acute  psychotic  break, 
a  score  of  three  to  the  appearance  of  moderate  symptoms,  and  a  score  of  five 
when  no  change  occurred  in  the  psychiatric  status.  Scores  of  seven  and  nine  are 
the  reverse  of  three  and  one,  respectively.  Scores  of  two,  four,  six,  and  eight  were 
similarly  assigned  in  the  sliding  scale. 

While  this  phase  of  the  study  is  based  on  only  84  patients  and  only  the  diag- 
nostic categories  of  "Psychoneurosis"  (39  cases)  and  "Without  Psychiatric 
Disease"  (34  cases)  were  large  enough  to  compare  statistically,  the  results  were 
sufficiently  interesting  to  include  in  this  report. 

The  psychoneurotic  group  has  somewhat  impaired  ego  defensive  functioning, 
as  seen  by  the  fact  that  symptom  formation  had  already  taken  place  prior  to  the 
physical  illness.  With  the  impingement  of  further  stress  on  the  organism,  due  to 
medical  disease,  we  should  expect  to  find  some  increase  in  neurotic  symptoms. 
The  subjects  without  psychiatric  disease  have  better  integrated  egos  and  should 
be  able  to  withstand  the  added  stress  of  disease  to  a  greater  degree  than  the 
neurotic  subjects.  On  this  basis,  we  expected — and  found — that  a  greater  propor- 
tion of  psychoneurotic  patients  than  patients  without  psychiatric  disease  reacted 
to  their  medical  illness  with  at  least  a  moderate  increase  (score  of  "3"  or  less)  in 
their  neurotic  symptoms  or  in  their  feelings  of  psychic  discomfort.  The  respective 
I)ercentages  were  64  and  26  and  the  difference  was  statistically  significant  (CR. 
equals  3.45). 

Only  three  neurotic  patients,  and  no  patients  without  psychiatric  disease, 
reacted  with  a  moderate,  or  greater,  improvement  in  their  feelings  of  well-being 
or  in  symptoms,  and  this  difference  was  not  statistically  significant. 

The  outstanding  qualitative  finding  was  the  wide  variety  of  psychiatric  reac- 
tions following  physical  illness.  Although  29  out  of  the  84  patients  showed  little 
or  no  change  in  their  psychic  status  and  were  assigned  a  score  of  "5",  the  remain- 
der reacted  with  depression,  anxiety,  elation,  and  even  remission  of  their  psychi- 
atric symptoms. 
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Case  II 

A  61  year  old  married  Negro  post  office  employee,  neat,  dignified  and  soft  spoken,  had 
been  depress(>d  for  two  years.  He  dated  his  depression  to  a  growing  feeling  that  he  would 
never  get  adequate  living  tiuarters  or  neighborhood  for  his  family  and  that  his  adolescent 
daughters  would  therefore  become  delinquent.  The  recent  out-of-wedlock  pregnancy  of  a 
1()  year  old  daughter  increased  his  previou.sly  mild  depression.  His  medical  illness  (ASHD 
with  myocardial  infarction)  led  to  a  further  intensification  of  his  depression.  Crying,  he 
told  the  interviewer  that  his  age  and  his  new  illness  made  it  api)ear  that  the  family  "would 
never  get  away." 

Case  III 

A  44  year  old  woman  had  a  long  standing  psychoneurosis  marked  by  anxiety,  compulsive 
housecleaning  and  occasional  depression.  In  1952,  she  developed  Hodgkin's  Disease,  took 
to  her  bed,  developed  demanding  attitudes  towards  her  family,  and  lost  her  symptoms.  She 
told  the  interviewer  wath  obvious  relish  that  doctors,  welfare  people,  landlords,  etc.,  all 
tried  to  take  advantage  of  her  but  she  knew-  just  how  to  tell  them  off  and  battle  with  them 
until  they  withdrew,  defeated.  Her  present  admission  was  for  a  complication  of  her  Hodg 
kin's  Disease  and  it  had  no  effect  on  her  psychiatric  status. 

At  times,  the  impingement  of  physical  ihness  on  the  psychic  apparatus  makes 
the  use  of  certain  ego  defenses  more  obvious.  It  is  our  impression  that  such  mobil- 
ized defenses  were  more  readily  observable  in  those  patients  who  otherwise 
showed  little  change  in  their  psychic  ecjuilibrium.  This  is  possibly  due  to  the 
fact  that  the  newly  mobilized  defenses  were  "successful"  and  could  be  main- 
tained during  the  course  of  the  illness.  Besides  the  ubiquitous  regressions, 
instances  of  repression,  isolation,  denial,  introjection,  and  projection  were 
observed. 

Case  IV 

A  50  year  old  man  with  myocardial  infarction  showed  no  interest  in  his  diagnosis  and 
asked  no  questions  about  his  condition.  During  visiting  hours,  he  made  no  reference  to  his 
own  status  but  asked  many  questions  about  his  children. 

Case  V 

A  well  educated  middle  aged  man  with  myocardial  infarction  showed  no  change  in  his 
emotional  status.  However,  he  was  very  curious  about  his  disease,  its  etiologj'  and  statistics 
connected  with  it.  When  a  laboratory  procedure  was  carried  out  by  the  medical  staff,  he 
attempted  to  become  an  intellectual  participant,  as  if  he  were  a  new  intern  on  the  ward. 

Case  VI 

A  43  year  old  man  was  admitted  for  the  third  time  for  relatively  mild  congestive  heart 
failure  associated  with  his  inactive  rheumatic  cardiac  disease.  Quite  familiar  with  the  hos- 
pital, he  greeted  the  interview'er  in  a  jovial  manner  and  was  a  spontaneous  interviewee.  He 
confided  that  he  had  been  alarmed  and  depressed  during  his  first  admission  for  CHF  two 
years  ago,  but  that  his  present  cheerful  mood  was  part  of  his  usual  optimistic  personality. 
He  attributed  this  to  his  "realization"  that  he  had  nothing  to  worry  about.  "After  all,  it's 
not  my  problem;  it's  the  doctors'  problem.  So  I  let  them  worry  about  it!" 

DISCUSSION 

The  most  important  implication  of  this  study  is  related  to  the  fact  that  two- 
thirds  of  a  group  of  ward  medical  patients  suffer  from  some  psychiatric  illness. 


rsvcill  ATKIC    FI\I)I\(;.S    IN    ADMISSIONS    TO    A    MIODH'AL    SEKVICK  IG!) 


Ill  ;i(l(lit  ion,  llicsc  p.-il  iciits  arc  hospitalized  I'oi'  llic  medical  illness  and,  most 
ol'tcn,  they  cither  i<inoi-(>  the  psychiatric  problem  or  re>;ai(l  it  as  an  unwanted 
coi'ollaiy  phenomenon  unrelated  to  the  medical  illness.  It  is  therefore  important 
that  the  ward  medical  staff  does  not  adopt  a  similar  attitude.  When  we  consider 
that  the  majority  of  patients  react  to  their  medical  illness  with  either  a  change 
in  th(Mr  psychiatric  symptoms  or  heightened  d(>fensi\-e  measures,  the  need  for 
psychiatric  awareness  on  the  part  of  the  medical  staH'  becomes  even  more  impor- 

Mnliaiiced  medical  staff  awareness  can  assist  reco\'ei-y  of  a  patient  in  a  num- 
bei-  of  ways.  Mrst,  the  more  obviously  disturbed  patients  can  benefit  from  psychi- 
atiic  consultation  and  recommendations.  A  second  and  more  important  contri- 
bution can  be  made  by  the  internists  themselves.  Brief  ])sychiatric  consultations 
alone  can  have  no  profound  effect  because  recommendations  still  are  carried  out 
by  the  medical  stafi'  and  because  reality  \\  ill  always  bring  the  patient  back  to  the 
facts  that  the  basis  for  hospitalization  is  a  medical  illness  and  that  his  most 
intensive  contact  must,  of  necessity,  be  with  the  medical  attending  and  house 
staff.  This  intensive  patient-physician  relationship  leads  to  transference  phenom- 
ena and  makes  it  possible  for  the  internist  to  a]le\'iate  some  psychiatric  symp- 
toms without  engaging  the  patient  in  p.sychotherapy.  For  example,  one  striking 
finding  was  that  over  one-fifth  of  the  older  patients  ha\'e  neurotic  depressions, 
either  stimulated  or  exacerbated  by  their  medical  illness.  If  the  medical  staff  is 
prepared  to  respond  to  such  reactions,  measures  such  as  early  activity  and 
responsibility  can  be  taken  to  counteract  the  patient's  feeling  of  loss  of  body 
function  and  self-esteem.  Anxious  patients  can  be  helped  by  a  few  miinites  of 
reassurance  by  the  house  staff.  Even  those  patients  who  show  only  heightened 
cji;o  defensive  measures  can  be  assisted.  If  efforts  are  made  to  recognize  such 
defenses,  not  to  interfere  with  them,  but  to  support  them,  the  patient  can  be 
aided  in  his  efforts  towards  both  physical  and  psychical  recovery.  The  patient 
who  denies  the  implications  of  his  illness  in  order  to  avoid  a  depressive  reaction 
can  be  helped  through  stressing  functions  that  the  patient  will  still  possess.  A 
patient  who  avoids  anxiety  through  intellectualization  can  even  be  helped  by  a 
brief  discussion  of  his  laboratory  tests. 

The  broader  implication  of  these  findings  must  relate  to  medical  education. 
Althougli  it  is  easy  to  pay  lip  service  to  the  concept  of  organismic  unity,  under- 
graduate and  specialty  education  still  tends  to  isolate  the  different  medical 
fields  from  each  other  with  the  result  that  unrelated  phenomena  come  to  be 
regarded  as  unwelcome  intrusions  rather  than  as  additional  manifestations  of 
the  whole  patient.  As  long  as  the  psychiatric  patient  is  thought  of  only  as  an 
individual  in  psychotherapy  or  in  a  mental  hospital,  medical  evaluation  and 
treatment  will  remain  incomplete. 

SUMMARY 

].  A  psychiatric  survey  of  253  ward  medical  i)atients  of  The  Mount  Sinai 
Hospital  of  New  York  revealed  some  diagnosable  psychiatric  disorder  in  66.8 
per  cent  of  the  cases.  Patients  with  "psychosomatic  diseases"  or  functional  dis- 
orders had  an  even  higher  incidence  of  psychiatric  illness. 
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2.  Age,  sex,  and  religious  difCerences  in  patterns  of  psychiatric  disease  were 
found. 

3.  Patients  react  to  physical  illness  in  a  variety  of  ways  with  the  pre-illness 
psychic  structure  and  stability  playing  an  important  role. 

4.  The  implications  of  these  findings  for  medical  management  are  discussed. 

5.  The  significance  of  these  findings  in  relation  to  basic  undergraduate  and 
graduate  medical  training  is  stressed. 
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DEMONSTRATIOX  ()!■  CARCINOMA  CELLS  IN  THK  BLOOD  STREAM 


RAFAEL  REISS,  M.D. 
New  Y'ork,  N .¥ . 

IXTKODUCTIOX 

The  lymphatic  mode  of  spread  of  maUgnant  epithehal  tumors  has  been  known 
and  cxtensi\'('ly  studied  for  many  decades.  The  impact  of  these  studies  was  re- 
sponsible foi'  the  introduction  of  radical  surgery  in  cancer  and  to  a  large  extent, 
still  dominates  th(>  pr<>sent  day  concepts  of  cancer  therapy.  Thiersch  (10)  in 
18()5  was  one  of  the  hrst  to  recognize  malignant  epithelial  cells  in  venous  blood 
and  expressed  th(>  opinion  that  some  of  these  cells  could  retain  their  malignant 
potential  during  their  brief  passage  in  the  blood  stream.  Since  his  time,  until  the 
last  decade,  only  one  systematic  study  of  hematogenous  spread  of  carcinoma  was 
("irried  out.  Dunlop  and  Pool  (1)  in  1934  were  able  to  demonstrate  atypical  cells 
in  the  peripheral  blood  of  17  of  40  patients  with  advanced  carcinoma. 

The  renewal  of  interest  in  the  hematogenous  spread  of  tumors  coincides  with 
the  opinion  of  many  surgeons  that  radical  surgery  for  cancer  has  almost  reached 
its  limits.  It  appears  unlikely  that  further  extension  or  improvement  of  existing 
surgical  procedures  for  cancer  will  modify  considerably  the  cure  rate  for  carci- 
noma. The  attention  of  many  investigators  is  shifting,  therefore,  toward  the 
hematogenous  spi'ead  of  carcinoma,  the  rules  governing  it  and  the  possil)ilities  of 
minimizing  or  preventing  it. 

Numerous  studies  on  the  subject  have  been  carried  out  since  1950,  the  most 
extensive  ones  by  Engell  (2),  Cope  and  collaborators  ((i,  7)  and  Moore  (4).  It 
was  the  aim  of  the  present  study  to  reproduce  the  results  obtained  by  others  and 
to  evaluate  the  methods  as  to  their  practical  applications. 

TECHNIQUES 

Carcinoma  cells  are  present  in  the  blood  stream  in  concentrations  much  lower 
than  other  cellular  elements.  These  cells  can  be  demonstrated  by  using  five  to 
ten  cubic  centimeters  of  whole  blood  and  separating  them  from  as  many  normal 
blood  elements  as  possible.  Once  the  separation  is  accomplished,  the  specimen  is 
spread  on  glass  slides  for  staining.  The  process  of  separation  has  to  be  carried  out 
without  damaging  or  altering  the  tumor  cells  in  order  to  permit  a  reliable  cyto- 
diagnosis. 

The  separation  of  epithelial  cells  from  erythrocytes,  can  be  accomplished  by 
two  technicjues: 

/.  Hemolysis  Method:  The  erythrocytes  can  be  hemolysed  by  a  variety  of  agents 
and  separated  by  centrifugation  from  the  rest  of  the  cellular  elements.  Acetic 
acid  and  hydrochloric  acid  have  been  used  for  this  purpose,  but  the  slides  ob- 
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taiiu'd  ai'c  <;t'ii('i-ally  of  poov  (|uality.  Saponin,  used  i)y  luigell  (2)  gives  generally 
better  results,  hut  the  lieniolysis  is  often  incomplete. 

2.  Fibrinogen  Method:  Bo\-ine  fibrinogen  added  in  adequate  amounts  to  the 
blood  produces  rouleau  formation  and  rapid  sedimentation  of  erythrocytes.  The 
plasma  containing  all  other  cellular  elements  can  be  decanted  after  20  to  40 
minutes  when  red  cell  sedim(>ntation  is  almost  complete.  This  method  appeared 
to  us  superior  to  other  techniciues  applied. 

Separation  of  tumor  cells  from  leucocytes  and  other  cells  of  the  hematopoietic 
.system  is  much  more  difficult  due  to  the  overlap  in  size,  specific  gra\'ity  and  other 
characteristics.  Selective  centrifugation  over  a  layer  of  albumin  of  1.065  specific 
gravity  has  been  suggested  and  used  by  Roberts  (6).  In  our  hands,  this  method 
yielded  poor  results.  Carcinoma  cells  added  to  the  blood  were  consistently  found 
to  precipitate  with  the  white  elements  when  treated  by  this  method.  The  use  of 
millipore  filters  of  fi\'e  millimicron  pore  size  seems  to  us  more  promising  in  spite 
of  a  certain  overlap  in  sizes.  Oiu'  personal  experience  with  this  techniiiue  has 
been  insufficient  to  permit  any  conclusions. 

DIAGNOSTIC  CRITERIA 

The  diagnosis  of  indi\  idual  tumor  cells  is  essentially  based  on  cytologic  criteria 
of  malignancy  as  generally  described  (11).  The  size  and  shape  of  cells,  increase  in 
amount  and  abnormal  pattern  of  nuclear  chromatin,  number  and  shape  of  nucle- 
oli and  changes  in  nucleocytoplasmic  ratio  are  the  most  important  diagnostic 
features.  Unecjuivocal  diagnosis  is  only  permi.s.sible  when  several  malignant 
features  are  present.  Similarity  of  the  cells  demonstrated  to  those  seen  in  the 
contact  smears  prepared  from  the  tumor  can  be  considered  as  supportive  evi- 
dence to  their  origin. 

METHOD  OF  INVESTIGATION' 

The  technicjue  u.sed  in  this  study  was  similar  to  those  used  by  Roberts  (6)  and 
Moore  (4).  To  ten  cubic  centimeters  of  blood  withdrawn  from  an  antecubital 
vein  0.5  cubic  centimeters  of  heparin  and  three  cubic  centimeters  of  fibrinogen 
solution  was  added.  The  fibrinogen  solution  used  was  Armour's  Fraction  I  ad- 
justed to  a  pH  of  7.4  and  containing  about  14  milligrams  of  fibrinogen  per  cubic 
centimeter.  As  soon  as  the  sedimentation  of  red  cells  was  completed  (usually  10 
to  40  minutes)  the  supernatant  fluid  was  carefully  removed  and  centrifuged  for 
ten  minutes  at  1000  revolutions  per  minute.  As  much  as  possible  of  the  sediment 
was  spread  on  four  slides  and  stained  by  the  Papanicolaou  technique. 

In  the  first  few  cases  the  selective  centrifugation  over  albumin  as  described  by 
Roberts  (6)  was  used.  This  step  was  omitted  in  the  latter  cases  in  view  of  the 
poor  results  obtained  in  the  experiments  with  suspensions  of  carcinoma  cells. 

In  cases  where  veins  draining  the  tumor  were  studied,  blood  was  withdrawn 
directly  from  the  vein  immediately  after  removal  of  the  surgical  specimen  and 
treated  in  the  same  manner. 

All  slides  were  carefully  examined  microscopically  under  low  power,  and  cells 
unusual  in  shape,  size  or  amount  of  chromatin  were  studied  under  high  power. 


DEMONSTKATIOX    OF    ( 'A  liCI  NOMA     CELLS    IN    'I'lIK     liLOOl)    S'I'UKAM  17.') 

The  f2;r()U|)  sludicd  consisted  of  'AH  cases.  I'  il'ty  sj)ecinieiis  of  peripheral  hh)od  ami 
six  specimens  from  veins  (h'aining  I  he  lumoi-  were  examined. 

The  patients  in  this  invest i^at i(jn  were  ail  referred  to  the  Surgical  Service  for 
operation.  None  had  clinically  obvious  metastasis  and  all,  but  three,  proved  to 
have  resectable  lesions  at  time  of  surgery.  This  group  represent  fairly  early 
lesions  and  is  comparable  to  the  groups  classified  in  other  i-eports  as  curable 
patients. 

RESULTS 

Carcinoma  cells  were  foiuitl  in  six  of  ")()  specimens  examined  (Table  I),  giving 
a  total  indicence  of  12  per  cent.  This  incidence  is  comparable  to  findings  of 
Roberts  ((1)  and  Engell  (2)  on  cui'abl(>  patients,  but  much  inferior  to  the  figures 
of  Moore  (4),  though  Moore  inclutled  in  his  group  a  large  number  of  advanced 
inoperable  cases.  The  incidence  of  positive  findings  seems  somewhat  higher  in 
breast  carcinoma  than  in  lesions  of  the  gastrointestinal  tract  (Table  I).  In  14 
cases,  peripheral  blood  specimens  were  studied  within  the  first  twenty-four 
hours  after  surgery.  No  significant  increase  in  carcinoma  cells  could  be  demon- 
strated (Table  II).  In  nine  cases  of  breast  carcinoma  studied  before  surgery  and 
on  the  first  and  third  postoperative  days,  (Table  III)  the  findings  remained 
essentially  the  same. 

In  all  cases  of  carcinoma  cells  encountered  in  the  peripheral  blood,  the  number 
of  cells  permitting  positive  diagnosis  was  very  small  and  no  clumps  of  cells  were 
noted. 

In  six  cases,  blood  from  \'eins  draining  the  tumor  was  examined  (Table  IV). 
Carcinoma  cells  were  found  in  two  of  four  cases  of  colon  carcinoma  and  one  of 

TABLE  I 


Occurrence  of  carcinoma  cells  in  peripheral  blood 


Site  of  Tumor 

Number  of  Specimens 

Number  Positive 

%  Positive 

Colon  

17 

1 

6 

21 

3 

14 

Stomach  

6 

1 

16 

Lung  

4 

0 

0 

Ovary  

1 

0 

0 

1 

1 

100 

Total  

50 

6 

12 

TABLE  II 

Incidence  of  cancer  cells  before 

and  after  surgery 

Number  of  Cases 

Number  Positive 

%  Positive 

Preoperative  

36 

4 

11 

Po.stoperative  

14 

2 

15 
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TABLE  III 


Occurrence  of  cancer  cells  before  and  after  surgery  in  9  cases  of  carcinoma  of  the  breast 


Postoperative 

Preoperative 

1st  Day 

3rd  Day 

A.  H  

Positive 

Negative 

— 

CM  

Negative 

Negative 

Positive 

fl  T 

Negat  ive 

Negative 

n .  o  

Negat  i  ve 

1^  trgtl  11 V  c 

IN  egati  ve 

J.  H  

Negative 

Negative 

N.  F  

Negative 

Positive 

Negative 

C.  F  

Negative 

Negative 

P.  M  

Negative 

Negative 

W.  M  

Negative 

Negative 

Total  cases  

9 

9 

3 

Number  of  positives  

1 

1 

1 

Incidence  of  positives  

11% 

11% 

33K% 

TABLE  IV 

Cancer  cells  in  veins  draining  the  tumor  (after  surgical  manipulation) 


A.  F  

E.  M  

T.  P  

B.  V  

D.  T  

F.  M  

Number  of  cases   6 

Number  of  positive  cases   3 

Incidence  of  positive  cases   50% 


Site  of  Tumor 


Stomach 

Colon 

Colon 

Colon 

Colon 

Stomach 


Presence  of  Tumor  Cells 


Negative 

Positive 

Positive 

Negative 

Negative 

Positive 


two  cases  of  gastric  carcinoma.  Contrary  to  the  findings  in  peripheral  blood, 
larger  number  of  cells  including  cliunps,  were  noted. 

COMMENTS 

Carcinoma  Cells  in  the  Peripheral  Circulation 

The  studies  of  peripheral  blood  in  patients  with  curable  carcinoma  revealed  a 
low  incidence  of  positive  findings  varying  between  10  and  15  per  cent.  In  this 
group  no  significant  increase  was  noted  after  surgical  manipulations.  The  demon- 
stration of  tumor  cells  in  the  peripheral  blood  remains  a  technically  difficult 
problem.  The  slides  prepared  contain  very  few  timior  cells  scattered  among  a 
large  ninnber  of  blood  elements. 

The  significance  of  the  tumor  cells  encountered  and  their  role  in  the  causation 
of  metastasis  is  not  known  at  present.  While  they  are  more  frecjuently  encovm- 
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tered  in  luh  aiiced  lesions,  tliis  could  he  interpreted  ;is  the  result,  rather  tluui  the 
cause,  of  the  widespread  dissemination.  Only  I'ui1h(>r  (>.\p(>riniental  studies  can 
enlif^hten  us  whether  the  single  cancer  cells  observed  ai'e  living  cells,  capable  of 
multiplication  under  certain  circumstances,  rather  than  dead  cells  shed  by  the 
tumor. 

Carcinoma  Cells  in  Vcina  Draining  Ihc  Tumor 

Carcinoma  cells  are  found  in  the  veins  directly  draining  the  tumor  much  more 
frequently  than  in  peripheral  blood.  The  reported  incidence  varies  from  30  to 
75  per  cent.  Numerous  cells  and  clumps  w'ere  noted  in  many  cases.  Engell  (2) 
found  tumor  cells  before  any  surgical  manipulation  and  reported  no  significant 
increase  at  the  end  of  the  surgical  procedure.  Roberts  (6)  found  a  significant 
increase  in  5  out  of  6  cases  studied.  No  attempt  to  evaluate  this  factor  was  made 
in  our  study.  These  studies  furnish  ample  evidence  that  large  numbers  of  carci- 
noma cells  are  being  discharged  into  the  veins  draining  the  tumor  before  any 
operative  trauma.  It  appears  plausible,  therefore,  that  the  cells  discharged  during 
surgery  constitute  but  a  minimal  fraction  of  those  spread  during  the  months  pre- 
ceding surgery.  Without  minimizing  the  value  of  precautions  taken  during  sur- 
gery, no  significant  reduction  in  occurrence  of  metastasis  can  be  expected  from 
these  measures  alone. 

The  blood  from  veins  draining  the  tumor  can  be  obtained,  in  most  cases,  only 
at  the  time  of  surgery  and  this  constitutes  a  serious  limitation  of  the  method. 

CONCLUSIONS 

The  occurrence  of  tumor  cells  in  the  peripheral  blood  of  patients  with  curable 
carcinoma  is  infrequent  and  their  significance  unknown  at  present.  Tumor  cells 
are  encountered  frequently,  and  in  relatively  large  numbers,  in  veins  draining  the 
lesion.  Their  study  is  limited,  however,  to  the  specimens  available  at  the  time  of 
surgery. 

Whether  this  method  will  prove  of  value  in  establishing  the  prognosis  of  cure 
in  patients  with  early  carcinoma  cannot  be  stated  on  the  basis  of  our  investiga- 
tions. The  possibility  of  using  this  method  for  evaluation  of  the  therapeutic  effects 
of  anti-carcinogenic  compounds  re([uires  further  study  and  improvement  of 
techniques. 
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A  Case  Report 
NORMAN  B.  JAVITT,  M.D. 

AND 

RICHARD  A.  DANIELS,  M.D. 

New  York,  N.  Y. 

The  occurrence  of  myasthenia  gravis  in  a  pat  ient  with  sarcoidosis  has  not  been 
previously  reported.  The  absence  of  a  specific  etiology  requires  the  fulfillment  of 
certain  criteria  for  the  diagnosis  of  each  disease,  which  in  themselves,  have  not 
l)een  universally  agreed  upon.  The  following  report  describes  a  patient  with  typical 
myasthenia  gravis  and  sarcoidosis  involving  the  liver  and  voluntary  muscles,  with 
erythema  nodosum  and  a  positive  Nickerson-Kveim  test.  In  this  patient,  there 
was  apparently  a  complete  remission  of  the  myasthenia  gravis  after  treatment 
with  Prednisone®.  Since  muscle  weakness  per  se  is  a  manifestation  of  sarcoidosis 
(1-10),  clearcut  evidence  for  myasthenia  gravis  is  mandatory. 

CASE  REPORT 

A.  C.  (MSH  No.  61460),  a  forty-six  year  old  Puerto  Rican  housewife,  was  first 
seen  in  The  Mount  Sinai  Hospital  Out-patient  Department  in  November  1955, 
because  of  weakness,  weight  loss,  and  diplopia  of  one  year's  duration. 

The  past  history  re\'ealed  a  luetic  infection  in  1935  which  was  treated  with 
bismuth.  She  had  an  uncomplicated  myomectomy  and  appendectomy  in  1941. 

The  patient  enjoyed  good  health  vmtil  November  1954  when  she  experienced 
the  gradual  onset  of  generalized  weakness,  left  frontal  headaches,  blurred  vision 
and  diplopia.  In  January  1955,  she  noted  the  onset  of  migratory  polyarthralgias 
without  acute  arthritis,  vague  abdominal  pains  and  occasional  nausea.  During 
the  year  prior  to  her  fii'st  clinic  visit,  she  had  lost  25  to  30  pounds.  Physical 
examination  revealed  mild  generalized  weakness,  and  diplopia  on  left  lateral 
gaze.  Laboratory  studies  done  prior  to  her  first  hospital  admission  revealed  a 
peripheral  eosinophilia  of  42  per  cent  and  an  eosinophilia  of  the  bone  marrow. 
Stools  were  negative  for  ova,  cysts  and  parasites  and  rectal  biopsy  did  not  reveal 
Schistosoma  ova. 

She  was  first  admitted  to  The  Mount  Sinai  Hospital  medical  service  on  Febru- 
ary 20,  1956,  to  investigate  the  weakness  and  diplopia.  The  only  significant 
physical  findings  at  that  time  were  l)ilateral  pterygia  and  strabismus  on  left 
lateral  gaze.  The  white  cell  count  was  6,700  per  cu.  mm.  with  20  per  cent  eosino- 
philia. Other  studies  including  urinalysis,  urea  nitrogen,  blood  sugar,  total  pro- 
tein, albumin,  globulin,  chest  film,  stools  for  ova  and  parasites,  serologic  tests  foi- 
syphilis,  filariasis,  echinococcus  and  trichinosis  were  negative  as  were  a  lumbar 
puncture  and  skin  and  nniscle  l)iopsy  done  at  that  time.  Electroencephalogram 
revealed  an  irritative  focus  in  the  left  anterior  temporal  area.  The  patient  was 
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discharged  on  IVIaich  7,  1956  with  a  diagnosis  of  eosinophiha  of  unknown  eti- 
ology. 

The  second  admission  to  The  ]\h)unt  Rinai  Hospital  was  for  removal  of  a 
pteryginm  of  the  right  e.ye. 

The  third  admission  was  to  the  Neurological  Service  of  The  Mount  Sinai 
Hospital  in  August  lOoO  because  of  diplopia.  Examination  revealed  .slight  weak- 
ness of  the  upper  extremities  bilaterally,  nystagmus  on  lateral  gaze,  and  monocu- 
lar diplopia  in  the  left  eye  on  left  lateral  gaze.  An  alternating  lateral  strabismus 
was  elicited  on  cover  test.  An  ophthalmological  consultant's  opinion  was  that 
the  monocular  diplopia  was  anatomically  and  i)hysiologically  inexplicable  and 
the  patient  was  interpreting  blurred  images  as  doubled  vision.  The  patient  was 
discharged  without  the  diagnosis  of  a  neurological  disease  having  been  made, 
although  the  EEG  remained  unchanged. 

The  patient  continued  to  have  episodes  of  vertigo,  tinnitus,  weakness,  and 
migratory  polyarthralgias.  Three  months  prior  to  her  fourth  admission  she  noted 
an  increasing  amount  of  generalized  peripheral  weakness,  as  well  as  some  diffi- 
culty in  swallowing.  Three  weeks  prior  to  this  admission  she  developed  a  fever 
to  102°  F.  and  acute  pain  and  swelling  of  the  small  joints  of  both  hands.  An  addi- 
tional fifteen  pound  weight  loss  for  six  months  was  noted.  Her  dysphagia  for 
liquids  and  solids  progressed  and  on  November  14,  1957,  the  patient  was  ad- 
mitted to  The  Mount  Sinai  Hospital  for  the  fourth  time. 

Physical  examination  on  admission  revealed  a  temperature  of  101.4°  F., 
pulse  108,  respirations  24,  blood  pressure  102/58.  She  was  a  tall  well  developed 
but  poorly  nourished  Puerto  Rican  female  who  appeared  lethargic  and  chroni- 
cally ill.  There  was  strabismus  on  left  lateral  gaze  and  binocular  diplopia.  The 
thyroid  was  normal.  There  was  no  lymphadenopathy.  The  chest  had  a  normal 
A-P  diameter  and  the  lungs  were  clear  to  percussion  and  auscultation.  The  heart 
was  normal  in  size  and  a  grade  2  apical  systolic  murmur  was  present.  The  liver 
was  palpated  2  cm.  below  the  right  costal  margin,"  firm  and  non-tender.  The 
spleen  was  not  felt.  In  the  extremities,  moderate  generalized  peripheral  weakness 
was  noted.  There  was  no  evidence  of  joint  deformities  of  effusions.  There  were 
several  raised  tender  erythematous  nodules  over  the  pretibial  area  having  the 
appeai-ance  of  erythema  nodosum.  The  neurological  examination  showed  the 
cranial  nerves  to  be  intact.  There  were  no  sensory  or  reflex  changes. 

Laboratory  data  included  a  urinalysis  showing  a  few  red  blood  cells  and  10 
white  blood  cells  per  high  power  field,  no  proteinuria.  Hemoglobin  was  10.4  Gm. 
per  cent.  The  white  blood  cell  count  was  8100  per  cu.  mm.  with  an  eosinophilia 
varying  from  (i  to  11  per  cent.  The  Wassermann  and  Kahn  now  were  positive. 
The  Treponema  Immobilization  Test  was  non-reactive.  The  serum  globulin  was 
4.9  Gm.  per  cent  and  5.G  Gm.  per  cent  and  the  albumin  was  2.7  and  3.1  Gm. 
per  cent.  The  urea  nitrogen,  blood  sugar,  calcium,  phosphorus,  serum  electro- 
lytes, bilirubin,  cholesterol,  alkaline  phosphatase,  thymol  turbidity,  cephalin 
flocculation  and  prothroml)in  time  were  within  normal  limits.  The  tests  for  the 
L.E.  phenomenon  were  negative.  Antistreptolysin  titer  was  125.  The  amoeba 
complement  fixation  test  was  negative.  Tuberculin  skin  test  with  first  strength 
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a  b  c 

Fig.  1.  Positive  Tensilon  test  demonstrating:  a.  baseline,  b.  {).5cc.  normal  saline  intra- 
\('iious  control  with  no  response,  c.  0.5c'c.  Tensilon  (edrophonium  chloride)  intravenous 
with  myasthenic  response. 

purified  protein  derivative  (1:10,000)  was  positive.  The  Frei  test  was  negative. 
Lumbar  puncture  was  again  within  normal  limits. 

The  clinical  course  was  characterized  by  moderate  generalized  weakness, 
dysphagia  and  diplopia.  Low  grade  fever  to  101°F.  persisted.  The  lesions  of 
erythema  nodosum  faded  within  several  days. 

A  Tensilon  test  (11)  using  2  mg.  of  edrophonium  chloride  intravenously  pro- 
duced a  marked  increase  in  strength,  and  a  disappearance  of  the  diplopia  and 
dysphagia;  a  typical  response  as  seen  in  patients  with  myasthenia  gravis.  This 
was  preceded  by  a  saline  control  which  produced  no  response.  As  shown  in 
figure  1,  the  myasthenic  response  was  verified  by  ergographic  recording  (12). 
The  patient  was  treated  with  Mestinon®  (pyridostigmine  bromide)  225  mg. 
daily  (75  mg.  every  eight  hours)  with  an  excellent  clinical  response  (13).  On 
tliis  dosage,  diplopia  and  weakness  subsided.  On  several  occasions  the  patient 
\\  as  given  a  placebo  instead  of  Mestinon®  and  developed  marked  symptoms  of 
myasthenia  gravis. 

Because  of  the  findings  of  myasthenia  gravis,  the  patient  underwent  routine 
thyroid  function  investigation  (14).  The  twenty -four  hour  1-131  uptake  was  89 
per  cent  and  the  protein  bound  iodine  was  8.7  gamma  per  cent.  In  view  of  labora- 
tory evidence  of  hyperthyroidism  the  patient  was  treated  with  3  milliciu'ies  of 
radioactive  iodine  on  December  l(i,  1957. 

The  imexplained  eosiiiophilia  persisted  and  a  skin  and  muscle  biopsy  of  the 
right  deltoid  was  performed.  This  revealed  epithelioid  granulomata  with  multi- 
nucleated giant  cells  (Figure  2).  There  was  no  caseation  necrosis  present  and  no 
acid  fast  bacilli  were  seen.  This  was  considered  compatible  with  a  diagnosis  of- 
Boeck's  sarcoid.  A  Nickerson-Kveim  test  was  performed  and  the  skin  biopsy 
which  was  done,  fulfilled  the  criteria  for  sarcoidosis.  A  scalene  node  biopsy  was; 
negative  and  a  chest  film  show^ed  no  evidence  of  pulmonary  sarcoidosis  or  hilar 
lymphadenopathy.  Lateral  tomography  of  the  chest  revealed  no  evidence  of  a 
thymic  tumor.  However,  chest  x-ray  showed  evidence  of  old  healed  apical  tuber- 
culosis. Tuberculosis  cultures  of  gastric  material  were  negative.  A  liver  biopsy; 
revealed  hepatic  granulomata.  There  was  no  evidence  of  parotid  or  ocular  in- 
volvement with  Boeck's  sarcoid. 

The  electroencephalographic  left  temporal  focus  was  unchanged.  It  was  felt 
.  that  this  might  have  represented  a  cerebral  sarcoid  lesion. 
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Fig.  2.  Right  deltoid  muscle  bioijsy  demonstrating  non-caseating  epithelioid  gran- 
ulomata  with  nniltin\icleated  giant  cells;  a.  low  power,  h.  high  power. 


During  the  hospital  course,  the  patient  developed  diarrhea  in  early  January 
1958,  at  which  time  the  stools  were  noted  to  contain  cysts  of  Entamoeba  histo- 
lytica. She  was  treated  with  a  course  of  Diodociuin*,  0.6  Gm.  three  times  a  day 
for  20  days. 

Electromyographic  studies  were  performed  after  substituting  a  placebo  for 
Mestinon'*'.  The  response  was  typical  of  that  seen  in  myasthenia  gravis. 

Eight  weeks  after  treatment  with  radioactive  iodine  for  hj^perthyroidism  the 
patient  developed  increasing  weakness,  dysphagia,  and  diplopia  while  receiving 
225  mg.  Alestinon®  dail.y.  A  Tensilon  test  produced  a  myasthenic  response  and 
symptoms  abated  with  an  increase  in  IVIestinon®  dose  to  360  mg.  daily. 

On  February  28,  1958,  1-131  24  hour  uptake  was  40  per  cent.  The  symptoms 
and  electromyographic  evidence  for  myasthenia  gravis  persisted  at  that  time. 

Because  of  the  evidence  of  muscle  involvement  with  granulomata,  a  thera- 
peutic trial  of  Prednisone®  25  mg.  daily  was  started  on  March  6,  1958.  After 
twenty-one  days  of  steroid  therapy,  the  ]\Iestinon®  was  discontinued  and  al- 
though clinically  no  weakness  could  be  demonstrated,  the  ergographic  studies 
before  and  after  Tensilon  and  electromyographic  studies  revealed  the  persistence 
of  myasthenia  gravis. 

Three  months  following  initial  treatment  with  radioactive  iodine,  the  protein 
bound  iodine  was  repeated  and  was  10.4  gamma  per  cent.  The  twenty-four  hour 
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radioactive  iodine  a1  that  time  was  77  per  cent.  Because  of  this  exideiice  for  pei'- 
sisteiit  hyperthyroidism,  in  spite  of  lack  of  cHnical  thyrotoxicity,  she  was  re- 
ti'eated  with  2.0  millicuries  on  May  5,  1958.  Re-examination  of  the  stools  for 
i)\  a  and  parasites  revealed  the  presence  of  the  ova  of  Schistosoma  mansoni.  There 
were  no  amoebae  present. 

After  55  days  of  Prednisone®  therapy  (45  mg.  daily),  Tensilon  test  was  again 
repeated  and  response  at  this  time  showed  no  evidence  for  myasthenia.  Steroids 
were  discontinued  on  April  29,  1958.  On  May  9,  a  placebo  was  substituted  for 
the  Mestinon®.  The  patient  showed  no  evidence  of  weakness,  ergograms  were 
normal,  and  there  was  no  change  after  administration  of  Tensilon®  (up  to  10  mg. 
I.V.)  Electromyography  on  May  15,  1958  revealed  normal  latencies  and  ampli- 
tude of  response  with  no  decline  in  response  to  repetitive  stimulation.  This  was  a 
normal  EMO  and  strikingly  different  from  the  previous  one  done  while  the  pa- 
tient was  clinically  myasthenic. 

A  random  right  gastrocnemius  muscle  biopsy  done  April  11,  1958  revealed 
focal  atrophic  fibers  with  increase  in  sarcolemma  nuclei.  No  evidence  of  lymphor- 
rhagias  or  epithelioid  granulomata  was  seen  (15). 

The  patient  was  discharged  from  the  medical  service  in  a  complete  remission 
with  no  clinical  or  laboratory  evidence  of  myasthenia  gravis. 

DISCUSSION 

Since  an  etiologic  agent  for  sarcoidosis  is  not  known,  diagnosis  today  depends 
on  certain  clinical  and  pathologic  findings.  A  good  working  definition  is  that  of 
Scaddings  (16),  "sarcoidosis  is  a  disorder  which  may  affect  any  part  of  the  body 
but  most  fre(}uently  the  lymph  nodes,  liver,  spleen,  lungs,  skin,  eyes,  and  small 
bones  of  the  hands  and  feet  characterized  by  the  presence  in  all  the  affected 
organs  or  tissues  of  epithelioid  cell  tubercles,  without  caseation,  w  ith  little  or  no 
round  cell  reaction,  becoming  converted  in  the  older  lesions  into  a  rather  hyaline 
featureless  fibrous  tissue." 

The  diagnosis  may  be  presumed  if  at  least  two  or  more  of  the  following  findings 
are  present:  chest  x-ray  (showing  parenchymal  involvement  with  or  without 
mediastinal  or  hilar  lymphadenopathy),  peripheral  lymphadenopathy,  hepato- 
splenomegaly,  bony  changes,  skin  nodules,  uveitis,  parotitis  or  hyperglobulin- 
emia  (17).  The  presence  of  epithelioid  granulomata  in  liver  and  peripheral 
muscles  may  also  be  used  as  evidence  for  sarcoidosis. 

Skin  tests  for  tuberculosis  are  often  negative  in  sarcoidosis.  A  negative  tuber- 
culin test  was  found  in  64.8  per  cent  of  Longcope's  series  (18). 

Xelson  in  a  comprehensive  review  of  the  Kveim  reaction  summarizes  the 
experience  of  most  investigators  and  believes  a  positive  Kveim  reaction  may  be 
expected  in  50  to  90  per  cent  of  patients  with  sarcoid  with  presumably  false 
positive  reactions  to  range  from  0  to  6.5  per  cent  (19).  He  discusses  the  criteria 
for  considering  a  Kveim  test  positive.  It  is  generally  agreed  that  biopsy  of  a 
papule  six  weeks  after  the  intracutaneous  injection  of  properly  prepared  antigen 
which  histologically  reveals  epithelioid  granulomata,  is  the  best  evidence  for  a 
positive  test.  Though  it  is  of  diagnostic  help,  the  mechanism  of  the  Nickerson- 
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Kveiin  reaction  is  not  known.  This  patient  liad  an  uneciuivocally  positive  Xick- 
erson-Kveim  reaction  according  to  the  above  criteria  using  an  antigen  with 
proved  specificity  as  done  by  Dr.  Louis  E.  Siltzbach. 

The  hyperglobuhnemia  which  was  present  in  this  case  is  frequently  reported 
in  Boeck's  sarcoid,  l^^osinophiha  up  to  35  per  cent  has  been  mentioned  in  the 
Uterature  (20,  21)  and  was  noted  up  to  42  per  cent  in  this  case,  but  Schistosomi- 
asis could  well  explain  this  finding. 

Cerebral  manifestations  of  sarcoidosis  have  been  well  documented  (22).  The 
current  patient  manifested  a  persistent  irritative  focus  in  the  left  anterior  tem 
poral  area  on  EEG  which  may  have  been  due  to  sarcoid  granulomatous  infiltra 
tion.  Sarcoid  lesions  of  the  skin  and  subcutaneous  tissues  were  absent  in  this 
case.  There  was  no  evidence  of  cither  peripheral,  hilar  or  mediastinal  lymphade 
nopathy.  The  well  known  pulmoniiry  changes  associated  with  sarcoidosis  wer 
absent.  There  was  no  evidence  of  involvement  of  the  cornea  or  uveal  tract  of  the 
eye. 

Erythema  nodosum  may  be  a  manifestation  of  sarcoidosis  as  well  as  tubercu 
losis,  post-streptococcal  state,  coccidioidomycosis  and  other  granulomatou 
diseases.  Erythema  nodosum  with  hilar  lymphadenopathy  has  been  often  shown 
to  be  a  manifestation  of  sarcoidosis  when  sought  for  by  liver  biopsy.  Mather, 
Dawson  and  Hoyle  (23)  found  ten  of  eleven  cases  of  erythema  nodosum  with 
hilar  lymphadenopathy  to  have  hepatic  granulomata  whereas  there  were  none 
in  the  cases  of  post-streptococcal  state.  Smellie  and  Hoyle  (24)  found  eiythema 
nodosum  to  occur  in  23  per  cent  of  sixty-six  cases  of  hilar  lymphadenopathy  due 
to  sarcoidosis.  Lofgren  (25)  in  a  series  of  212  cases  of  bilateral  hilar  lymphoma 
syndrome  (primary  pulmonary  sarcoidosis),  found  113  cases  with  erythema 
nodosum  of  which  109  cases  presented  initially  with  erythema  nodosum. 

As  a  manifestation  of  tuberculosis  or  coccidioidomycosis,  erythema  nodosum 
is  seen  early  in  the  stage  of  active  disease.  This  patient's  coccidioidin  skin  test 
was  negative  and  although  a  positive  tuberculin  skin  test  in  first  strength  was 
present,  the  only  additional  evidence  for  tuberculosis  was  an  x-ray  showing 
fibrotic  strands  in  the  right  apex  of  the  lung.  An  antistreptolysin-0  titer  at  the 
time  was  less  than  100  and  there  had  been  no  acute  respiratory  tract  infection. 
The  presence  of  erythema  nodosvmi  in  this  patient  may  be  explained  as  a  manifes- 
tation of  sarcoidosis. 

The  presence  of  granulomata  without  caseation  in  the  specimen  obtained  on 
liver  biopsy  is  also  evidence  for  sarcoidosis.  Mather,  Dawson,  and  Hoyle  (23) 
present  their  experience  with  liver  biopsy  in  sarcoidosis  and  report  an  incidence 
of  63  per  cent  positive  biopsies.  Branson  and  Park  (17)  reviewed  117  cases  of 
sarcoidosis  autopsy  material  and  noted  that  66  per  cent  had  conclusive  histo- 
pathologic evidence  for  hepatic  sarcoidosis.  In  sixty-three  patients  with  presump- 
tive evidence  of  sarcoidosis,  76  per  cent  had  positive  liver  biopsies. 

Other  diseases  in  which  hepatic  granulomata  occur  such  as  brucellosis,  beryl- 
liosis, and  histoplasmosis  were  not  present  in  this  patient.  Epithelioid  granu- 
lomata in  the  liver  do  not  have  clearcut  histologic  differences  that  will  distinguish 
between  sarcoidosis  and  tuberculosis  unless  caseation  has  occurred.  Miliary 
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tul)('rcl(>s  in  the  lixcr  may  he  associalctl  with  all  stages  of  cliroiiic  piilinoiiary 
I  iilx'i'ciilosis  and  in  most  instances  is  indicative  of  terminal  dissemination,  hut 
also  occur  in  acute  miUarv  tulx'rculosis,  pvlephlehogenoiis  t iiherculosis  and  in 
splenic  tuherculosis  (2(1).  Th(>  history,  physical  findings,  negative  tissue  cultures, 
negative  gastric  washings  suggest  that  the  hepatic  epithelioid  gramilomata  were 
due  to  sarcoidosis.  The  presence  of  schistosomiasis  maiisoni  leaves  t  he  possibility 
open  that  these  hepatic  granulomata  were  associated  with  this  entity,  but  there 
was  no  evidence  of  schistosomal  ova  in  the  biopsy  material. 

Although  it  has  been  reported  in  the  past  (27)  that  the  characteristic  lesions  of 
sarcoidosis  may  be  found  in  skeletal  muscle,  it  has  been  only  recently  that  the 
prevalence  with  which  this  occurs  has  been  pointed  out.  Phillips  and  Phillips  (28) 
found  granulomata  in  four  out  of  five  cases  of  sarcoidosis  in  whom  random 
gastrocnemius  muscle  biopsy  was  performed.  None  of  these  patients  exhil)ited 
muscle  weakness.  The  authors  point  out  that  perhaps  one  of  the  reasons  the 
reported  incidence  of  muscle  in\'oh'ement  is  low  pathologically  is  the  failure  to 
do  routine  examinations  of  skeletal  muscle  at  autopsy.,  Wallace  et  al.  (27)  have 
reported  forty-two  cases  with  proved  sarcoidosis  in  whom  twenty-three  had 
sarcoid  lesions  on  random  muscle  biopsy.  None  of  these  patients  had  symptoms 
referable  to  the  motor  system.  Maurice  (5)  points  out  the  fre(iuency  with  which 
sarcoid  lesions  are  found  in  muscles  with  no  clinical  manifestations.  He  also  re- 
ports a  case  who  presented  clinically  an  atypical  pictui'e  of  amyotrophic  lateral 
sclerosis  and  was  later  found  to  have  sarcoid  lesions  in  the  muscles  as  well  as  in 
other  organs.  Although  the  incidence  of  muscle  involvement  in  sarcoidosis  has 
not  been  established  it  seems  to  be  not  uncommon  and  may  oi'  may  not  be  associ- 
ated with  the  clinical  counterpart  of  weakness  and  atrophy.  Ammitzboll  (8) 
reports  a  case  of  extensive  muscle  involvement  with  marked  weakness  and  dra- 
matic response  to  steroids.  Klotz  (10)  et  al.,  also  report  a  case  of  extensive  nodular 
involvement  of  muscle  with  skin  and  lymph  node  lesions  which  responded  strik- 
ingly to  steroids.  Electromyography  was  non-diagnostic  in  both  cases  and  no 
evidence  for  myasthenia  gravis  existed. 

Muscle  biopsy  in  the  present  patient  revealed  typical  epithelioid  granulomata 
with  no  caseation  or  acid  fast  bacilli.  The  incidence  of  skeletal  muscle  involve- 
ment in  tuberculosis  is  considered  distinctly  rare  (5,  29).  Muscle  weakness  and 
atrophy  in  sarcoidosis  is  not  adequately  explained.  The  presence  of  granulomata 
in  cases  with  no  atrophy  or  weakness  speaks  against  strictly  mechanical  inter- 
ference with  contraction.  Sarcolemmal  degeneration  or  inflammation  is  not 
found  in  the  siu'rounding  muscle.  In  some  cases  (4)  involvement  of  the  nervous 
system  with  secondary  degeneration  and  atrophy  has  been  reported.  As  part  of 
a  generalized  picture  of  fever,  malaise  and  weight  loss  with  multiple  system  in- 
volvement, muscle  weakness  could  occur  as  in  other  illnesses  without  reciuiring 
specific  involvement  of  the  neuromuscular  systems.  No  evidence  exists  for  a 
possible  humoral  factor  causing  muscular  weakness  in  sarcoidosis. 

Although  the  presence  of  myasthenia  gravis  with  sarcoidosis  has  not  been 
previously  i-eported,  myasthenia  gravis  has  been  reported  in  association  with 
other  systemic  diseases  (30).  The  occurrence  of  weakness  in  thyrotoxicosis  is 
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well  known,  and  there  have  been  several  reports  of  a  myasthenic  picture,  re- 
sp()n(Hiig  to  antieliolinesterase  di'ugs  (ol-34).  In  some  of  these  cases  the  under- 
lying thjToid  disease  was  surffically  treated  and  there  was  a  concurrent 
improvement  in  the  weakness.  An  increase  in  myasthenic  symptoms  as  hyper- 
thyroidism is  controlled,  termed  the  "seesaw"  effect  has  been  also  described 
(35,  A  myasthenic  syndrome  in  cases  of  bronchogenic  carcinoma  improving 
on  neostigmine  has  been  reported  (37,  38).  Two  instances  of  dermatomyositis 
with  myopathy  and  amelioration  after  treatment  with  prostigmine  are  noted  in 
the  literature  (39).  Cases  of  non-specific  polymyositis  with  muscle  biopsy  showing 
fibrosis  and  atrophy  responding  to  cholinei-gic  drugs  have  been  seen  (40,  41). 
The  diagnosis  of  myasthenia  in  these  cases  was  substantiated  only  by  respons" 
to  anticholinesterase  preparations,  and  no  electromyographic  studies  were  done. 

Myasthenia  gravis  is  considered  to  be  a  disease  of  voluntary  muscle  due  to 
defects  in  nem'omuscular  transmission  causing  weakness.  This  is  temporarily 
improved  by  the  administration  of  Neostigmine®  or  more  recently  Tensilon® 
(edrophonium  hydrochloride).  Also  noted  is  a  characteristic  electromyographic 
pattern  (42,  43)  consisting  of  rapidly  progressive  failure  of  muscle  response  on 
electrical  stimulation  of  the  motor  nerve.  This  is  considered  to  be  the  "myasthenic 
response."  Eaton  and  Lambert  (43)  no  longer  hold  the  view  that  the  myasthenic 
response  to  Neostigmine®,  edrophoniiun  or  curare  to  be  in  themselves  pathog- 
nomonic of  myasthenia  gravis  since  it  may  occur  in  other  conditions  as  polio- 
myelitis and  amyotrophic  lateral  .sclerosis.  However,  the  absence  of  other 
disease  of  the  neuromuscular  system  and  the  presence  of  a  demonstrated  defect 
in  neuromuscular  transmission  ha\-ing  the  above  characteristics  fulfills  the 
present  criteria  for  the  diagnosis  of  myasthenia  gravis.  Whether  one  chooses  to 
term  this  myasthenia  gravis  or  myasthenic  syndrome,  myasthenic-like,  or  myas- 
thenia is  not  based  on  any  clearcut  criteria.  There  may  be  a  valid  distinction 
between  these  terms  and  this  will  depend  upon  the  demonstration  of  the  exact 
defect  or  defects  in  transmission  and  the  variation  from  individual  to  individual 
presenting  the  .same  clinical  picture. 

In  this  patient  a  response  to  Tensilon®  using  suitable  placebo  controls  was 
striking.  On  the  day  of  recording  the  initial  electro  myogram,  the  patient  was 
given  Mestinon®  placebos  instead  of  her  usual  Mestinon®  dosage.  After  omitting 
two  doses,  the  patient  was  unable  to  swallow,  could  not  handle  her  secretions, 
had  diplopia  and  marked  generalized  weakness. 

The  patient  had  an  elevated  radioactive  iodine  uptake  and  protein  bound 
iodine  although  clinically  she  did  not  seem  hyperthyroid.  Treatment  with  radio- 
active iodine  did  not  seem  to  influence  the  status  of  the  myasthenia  gravis. 

A  course  of  steroid  therapy  was  decided  upon  because  of  the  good  response  in 
patients  with  .symptomatic  sarcoidosis.  Myasthenia  gravis  has  also  shown  amelio- 
ration with  steroid  therapy,  (44)  although  there  have  been  other  reports  noting 
an  exacerbation  of  weakness  following  treatment  with  ACTH  and  cortisone 
(45,  46).  Kane  (47)  discusses  the  rationale  on  which  steroids  were  originally  tried 
in  myasthenia  gravis.  The  best  results  with  ACTH  were  noted  in  patients  with 
thymic  tumors,  with  an  occasional  remission  in  the  myasthenic  picture.  The 
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present  patient  had  no  Ihyinonia.  ScNcral  deaths  have  Ix'cn  re|)()iled  in  steroid 
treated  cases  (hie  to  a  sudden  increase  in  anticholinesterase  driij;'  re<|uirenieiits 
(46). 

Thr  patient  reported  here  was  treated  cautiously  with  Prednisone®  45  mg. 
daily  for  nine  week  period.  Mestinon*  was  discontiinied  and  there  was  no  evi- 
dence of  weakness.  Tensilon"  prochiced  no  augmentation  to  muscle  power  by 
ergographic  measurement.  I'^lecti'omyography  failed  to  show  the  myasthenic 
respon.se  previously  seen. 

One  might  speculate  that  myasthenia  gravis  in  this  patient  was  related  in  some 
way  to  her  sarcoidosis,  and  with  the  u.se  of  steroids  the  underlying  defect  in 
nem'omuscular  transmission  responded  as  did  those  cases  of  myasthenia  associ- 
ated with  otlier  .systemic  disorders  as  noted  above.  This  is  merely  conjecture,  and 
other  explanations  of  this  result  would  be  acceptable,  that  is,  the  direct  effect 
of  steroids  on  myasthenia  gravis  itself  (44,  48,  49).  Spontaneous  remission  and 
exacerbations  in  myasthenia  gravis  are  well  known  and  therefore  no  conclusions 
can  be  drawn  with  regard  to  the  effects  of  therapy  in  this  case. 

SUMMARY 

A  patient  is  presented  who  satisfies  the  criteria  for  the  diagnosis  of  sarcoidosis 
and  myasthenia  gra\-is.  Sarcoid  granulomata  were  found  in  muscle  and  liver.  A 
positive  Nickerson-K\-eim  reaction  was  present.  Myasthenia  gravis  with  diplopia, 
dysphagia  and  generalized  severe  weakness  responding  to  Tensilon"^  with  typical 
electromyographic  pattern  was  also  present.  The  myasthenia  gravis  disappeared 
after  a  course  of  steroid  therapy.  The  criteria  for  diagnosis  and  response  to  medi- 
cation are  discussed. 
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INTERNAL  HERNIA   THROUGH  THE  FORAMEN  OF  WINSLOW 


MANSHO  T.  KHILNANI,  M.D. 
ARTHUR  LAUTKIN,  M.D. 

AND 

BERNARD  S.  WOLF,  M.D. 
New  York,  N.  Y . 

A  review  of  the  literature  up  to  lOoo  I'eported  hy  Lane  Roberts  (1)  revealed 
that  04  cases  of  herniation  through  the  foramen  of  Winslow  into  the  lesser  sac 
were  on  record.  He  added  two  personal  cases.  Of  this  group,  45  cases  showed 
lierniation  of  the  small  bowel,  Ki  herniation  of  the  right  side  of  the  colon  and  the 
cecum  and  5  cases  of  herniation  of  the  transverse  colon.  A  preoperative  diagnosis 
has  rarely  been  made,  resulting  in  considerable  delay  in  surgical  correction.  In 
the  series  reviewed  al>ove,  there  were  27  deaths.  A  correct  diagnosis,  presumably 
the  first  of  its  kind  preoperati\'ely,  was  made  on  roentgen  examination  by  HoUen- 
berg  (2).  The  roentgen  signs  of  this  condition  ha\'e  also  been  summarized  by  St. 
John  (3).  There  have  been  10  additional  case  reports  since  the  review  by  Lane 
Roberts  (1,  5-12). 

CASE  REPORT 

A  50  year  old  white  female  was  admitted  with  the  chief  complaint  of  right  upper 
(juadrant  pain  of  eight  hoiu's  duration  associated  with  vomiting.  This  pain  was 
colicky  in  nature  and  radiated  to  the  back.  Over  the  previous  ten  years,  the 
patient  had  had  five  or  six  similar  attacks.  The  first  episode  ten  years  prior  to 
admission  had  lasted  for  three  weeks  but  the  subseciueiit  episodes  were  relieved 
after  a  short  period  of  time  on  each  occasion. 

On  admission,  the  patient  was  in  distress  but  did  not  appear  to  be  acutely  ill. 
Examination  of  the  abdomen  showed  tenderness  and  spasticit^v  in  the  epigastrium 
and  in  the  right  upper  quadrant.  The  remainder  of  the  examination  was  not 
contributory.  Blood  pressure  was  130/100,  pulse  80,  temperature  99.3°F.  Hemo- 
glol)in  was  13  7  grams  per  cent,  total  white  count  was  3,300  per  cu.  mm.  with 
70  per  cent  polys.  Alkaline  phosphatase  was  3.9  Bodansky  units.  Urine  was 
negative  for  bile  or  urobilin. 

The  tentative  clinical  diagnosis  of  chronic  and  acute  cholecystitis  was  made. 
In  an  effort  to  confirm  this  diagnosis,  intravenous  cholangiography  was  done. 
This  demonstrated  good  visualization  of  the  gall  bladder  which  was  located  in 
the  right  lower  (luadrant.  There  was  no  evidence  of  any  filling  defects  within  it. 
Several  biliary  radicles,  the  cystic  and  common  duct  w'ere  also  opacified  and  did 
not  appear  to  be  distended.  The  common  duct  gave  the  impression  of  being  some- 
what stretched  in  its  upper  portion  and  was  perhaps  located  unusually  far  to- 
wards the  right  (Fig.  1).  In  addition,  overlying  the  upper  lumbar  spine,  there 
was  a  large  ovoid  gas  shadow  within  which  there  appeared  to  be  multiple  mottled 
densities  (Fig.  lA).  The  upper  margin  of  this  shadow  reached  the  level  of  the 
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Fig.  1.   A  film  taken  during  the  course  of  intravenous  cholangiography  shows  the  elon 

gated  gall  bladder  low  on  the  right  side  below  the  level  (if  the  crest  of  the  ilium.  There  is  no 
1  evidence  of  any  filling  defect  within  it .  Sc\-('i-,'il  1  lili.n  y  r:iiliclc~.  the  cununoii  lirpal  ic  and  the 
I  common  duct  are  also  opacified  and  are  not  dilated.  Tin-  (•(ininioii  lii'pai  ic  and  cimnnon  duct 

appear  elongated  and  displaced  towards  the  right,  especiall\'  >upericirl\-.  ( >\cil \  ing  the 
:  upper  portion  of  the  lumbar  spine,  there  is  an  ovoid  air-containing  shadow  i  .V  i  w  liirh  ex- 
]  tends  as  high  as  the  central  tendon  of  the  diaphragm  atid  which  shows  in  its  lower  portion 

mottled  densities.  To  the  left  of  this,  there  is  a  vertical  .~t  icak  like  lucent  shadow  (B)  which 

appears  to  parallel  the  left  margin  of  the  central  lucent  area. 

diaphragm.  To  the  left  of  this  .shadow  was  a  streak-lilve  vei'tical  lucent  shadow 
(Fig.  IB).  The  significance  of  these  two  lucent  areas  was  not  realized  at  the  time 
of  the  examination. 

The  patient  was  treated  symptomatically  but  continued  to  complain  of  ab- 
dominal pain.  Roentgen  examination  of  the  abdomen  four  days  after  intravenous 
I  cholangiography  (Fig.  2)  showed  persistent  visualization  of  the  gall  bladder. 
There  was  a  loop  of  cholegrafin  opacified  bowel  on  the  right  side  of  the  abdomen 
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Fig.  2.  Examination  of  the  al m1(iiiicii  1  cla\  s  al'tci  im  i,i\-('ikjus  cholangiography  shows 
])('i'sisl  cut  visualization  of  the  gall  l)la(l(l('r  (Hi.  In  I  he  right  lower  quadrant ,  there  is  a  chole- 
gralin  (jpacilicd  loop  of  bowel  (C)  which  has  t  lie  a|i])earance  and  location  of  proximal  trans- 
verse colon.  The  opaijne  material  in  it  apparently  was  derived  from  the  distended  "viscus" 
(A)  in  the  upper  and  left  ])ortion  of  the  ahddinen.  A  him  of  the  abdomen  taken  three  days 
previously  had  shown  this  "viscus"  more  completely  opacified  with  no  o])aque  material  in 
the  colon.  On  the  medial  aspect  of  this  distended,  air-containing  viscus,  there  is  a  deep  cleft 
which  has  the  appearance  of  a  haustral  septum.  There  is  no  evidence  of  bowel  in  the  ordi- 
nary position  of  the  ascending  colon  or  hepatic  flexure.  Air  is  seen  in  the  descending  colon, 
sigmoid  and  rectum.  There  are  no  distended  loops  of  small  bowel.  (Incidentally,  a  gastric 
suction  tube  is  also  evident.) 

extending  to  the  midline  wliicli  had  ;i  etdilxT  larger  than  would  be  anticipated  for 
small  bowel.  This  portion  of  bowel  showed  suggestive  haustration  and  its  trans- 
verse course  over  the  fifth  lumbar  vertebra  seemed  to  be  continuous  with  a  gas 
collection  on  the  left  side  in  the  distal  transverse  colon  and  splenic  flexure.  In  the 
midline  extending  to  the  left  a  markedly  distended  gas-containing  viscus  was 
seen  which  also  contained  a  portion  of  the  cholecystographic  opacjue  material. 
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Fl(i.  3.  Film  ol'  the  ahdoincii  after  liariuni  swallow  on  tlie  same  ilay  as  I  lie  e.\;inii  nation 
in  Figure  2  shows  that  the  distended  viscus  is  not  stomach.  T\\r  laifie  liuid  level  was  located 
behind  as  well  as  medial  to  the  stomach.  Transverse  colon  ((')  is  still  opacified  by  chole- 
grafin  and  is  not  distended.  Review  of  FiKure  1  now  permits  t  he  veitical  lucent  shadow  (B) 
to  be  identified  as  stomach. 

Ill  its  medial  aspect,  there  was  a  deep  cleft  A\hieh  suggested  an  iiiterliaustral 
septum  and  therefore  that  this  viscus  was  a  markedly  distended  portion  of  colon. 
.\ir  was  seen  in  the  region  of  the  descending  colon  and  sigmoid  but  there  was  no 
(•\  idence  of  gas  or  fecal  material  in  the  region  of  the  cecum,  ascending  colon  or 
hepatic  flexure.  No  remarkable  distention  of  any  portion  of  small  or  large  bowel 
was  noticed.  It  should  be  noted  that  examination  of  the  abdomen  done  three 
(lays  prior  to  this  had  demonstrated  a  considerable  amount  of  the  cholecysto- 
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graphic  incdiiiin  in  the  distciuled  hii;li  on  the  left  side  of  tlie  abdomen 

without  any  opacjue  material  elsewhere  in  the  abdomen  except  in  the  gall  bladder. 
It  was  therefore  assumcnl  that  the  loop  of  bowel  on  the  right  side  of  the  abdomen 
was  transverse  colon  which  was  distal  to  and  directly  continuous  with  the  dis- 
tended viscus  in  the  upper  left  abdomen. 

The  suggestion  was  made  at  this  time  that  the  patient  had  a  volvulus  of  the 
colon  and  that  the  markedly  distended  loop  of  bowel  high  on  the  left  side  of  the 
al)domen  extending  to  tlie  midline  was  a  twisted  cecum.  A  barium  swallow  was 
given  to  the  patient  (I'ig.  •■>)  and  an  erect  film  showed  that  this  viscus  was  inde- 
pendent of  the  stomach.  A  disturbing  feature  was  the  fact  this  air-containing 
viscus  appeared  to  be  located  behind  as  well  as  medial  to  the  stomach  hut  the 
significance  of  this  was  not  appreciated. 

On  exploratory  laparotomy,  a  herniation  of  the  right  side  of  the  colon  including 
the  distal  part  of  the  terminal  ileum  through  the  foramen  of  Winslow  into  the 
lesser  sac  was  tlisco\n»i'ed.  The  foramen  of  Winslow  admitted  four  fingers  and 
there  was  no  difficulty  in  reducing  the  herniated  viscera  into  the  general  peri- 
toneal cavity.  There  was  no  posterior  fixation  of  the  right  side  of  the  colon.  The 
foramen  of  Winslow  was  closed  by  multiple  sutures. 

DISCUSSION 

In  the  reported  cases  of  herniation  through  the  foramen  of  Winslow,  an  invari- 
able finding  has  been  distinct  enlargement  of  this  opening  which  normally  admits 
only  one  finger  (1).  While  it  is  possible  that  this  is  the  result  rather  than  an 
etiological  factor,  it  appears  likely  that  it  represents  a  congenital  anomaly.  The 
ring  is  rarely  sufficiently  tight  to  cause  strangulation.  Other  predisposing  factors 
exist  in  individual  cases:  lack  of  fixation  particularly  of  the  right  side  of  the  colon, 
a  long  small  bowel  mesentery,  small  greater  omentum  or  short  transverse  meso- 
colon. The  gall  bladder,  with  or  without  adhesions,  may  serve  as  a  funnel-shaped 
arrangement  to  direct  viscera  towards  the  foramen  of  Winslow  (2).  For  some 
unknown  reason,  herniation  exclusively  of  small  bowel  appears  to  be  much  more 
common  in  males  than  in  females.  A  remarkable  clinical  feature  which  has  been 
noted  in  some  cases  has  been  the  inability  of  the  patient  to  lie  on  his  back  and 
the  necessity  of  assuming  a  sitting,  bent-forward  position  to  obtain  some  relief 
of  pain. 

The  preoperative  diagnosis  of  this  condition  depends  on  the  correct  interpreta- 
tion of  the  clinical  and  particularly  the  roentgen  findings.  These  depend  to  some 
degree  on  the  nature  of  the  contents  of  the  hernial  sac  but  the  essential  features 
are  the  recognition  of  a  distended  portion  of  bowel  occupying  the  region  of  the 
lesser  sac  located  medial  and  posterior  to  the  stomach  (2  4).  Superimposed  on 
these  findings  are  the  features  of  intestinal  obstruction,  usually  incomplete  and 
located  either  in  the  distal  small  bowel  or  the  right  side  of  the  colon.  When  the 
right  side  of  the  colon  is  herniated,  its  absence  from  its  normal  location  is  a  very 
helpful  diagnostic  feature.  If  the  actual  site  of  obstruction  can  be  localized,  it 
corresponds  to  the  location  of  the  foramen  of  Winslow.  In  the  case  presented,  the 
findings  illustrated  in  l''igun>  1  suggest  the  correct  diagnosis  since  the  linear  lucent 
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shadow  (B)  to  tlic  left  of  tlic  spiii(>  n^preseiits  (lisplat;otl,  (■i)iiij)i'essed  stomadi 
and  tlu'  local  ion  of  tlu>  central  lucent  shadow  with  its  mottled  contents  (yV)  is 
characteristic.  Figure  2  demonstrates  nicely  the  fact  that  the  transverse  colon 
fills  directly  from  the  incarcerated  viscus  which  nuist  therefore  represent  the 
right  side  of  the  colon.  The  transition  between  dilated  colon  and  colon  of  normal 
caliber  occurs  in  the  region  of  the  foramen  of  Winslow. 

SUMMAUY 

A  case  of  herniation  of  the  right  side  of  the  colon  through  the  foramen  of  Wins- 
low  is  reported  with  a  summary  of  the  roentgen  features  which  should  suggest 
this  diagnosis.  Early  diagnosis  is  necessary  if  svn-gical  correction  is  to  be  success- 
ful. Oangrene  of  the  herniated  bowel  is  rare,  so  that  simple  reduction  and  closure 
of  the  foramen  are  curative. 
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Radiological  Notes 

BERNARD  S.  WOLF.  M  D. 
CASE  XO.  09 

This  was  tlie  eighth  aciinissioii  of  a  ()2  year  old  white  male  with  the  chief  com- 
plaint of  three  days  of  al)domiiial  pain,  nausea  and  vomiting.  The  previous 
story  included  treatment  for  meningovascular  lues,  grand  mal  seizures,  thora- 
cotomj^  for  a  chronic  lung  abscess,  drainage  of  a  brain  abscess  of  the  left  temporal 
lobe,  and  thrombophlel)itis  of  the  left  calf  five  and  two  years  prior  to  the  current 
admission. 


Case  69,  Fig.  lA.  Small  bowel  series  shows  a  segment  in  the  proximal  jejunum  (upper 
arrow)  4  to  5  inches  in  length  with  limited  distensibility,  effaced  mucosal  pattern, 
straightening  of  its  course  and  thickening  of  its  wall.  There  is  no  sharp  demarcation 
from  adjacent  uninvolved  proximal  or  distal  bowel.  A  second  similar  segment  (lower 
arrow)  is  present  in  the  proximal  ileum. 

Three  days  Ijefcjre  admissi(jn,  the  patient  began  to  vomit,  could  retain  nothing 
in  his  stomach,  and  complained  of  ul)dominal  pain.  He  noted  that  his  abdomen 
became  progressively  distended  but,  despite  this,  he  continued  to  pass  gas  and 
had  normal  bowel  movements.  He  could  not  describe  the  nature  of  his  vomitus. 
On  admission,  the  temperature  was  100°F..  The  abdomen  was  grossly  distended 
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(lid  not  nppc.-ii'  to  Iciisc  and  tlicic  were  no  sij^iis  of  Ircc  ])('riloncal  lliiid. 
I'hc  li\('r  was  piilpMble,  one  fingerbreadth  Ix'low  tli(>  coslal  niargin.  There 
was  some  <;('iieralized  tenderness  to  deep  palpation  I hrougliout  the  abdomen  with 
minimal  I'ebound  tenderness.  No  masses  were  palpable.  The  hernial  sites  were  not 
remarkable.  Bowel  sounds  were  infrequent.  The  pupils  were  small  and  sluggish 
in  their  reaction  to  light.  The  knee  jerks  were  diminished  to  absent.  Soft  stool 
which  showed  a  2  plus  guaiac  reaction  was  present  in  the  rectum.  Hemoglobin 
was  11  grams  per  cent,  white  blood  count  20,000  per  cu.  mm.,  blood  chemistries 
were  not  remarkabl(>.  Electrocardiogi'nm  showed  evidence  of  old  myocardial 
infarction. 

Roentgen  examination  of  the  abdomen  was  interpreted  as  suggestive  of 
incomplete  small  bowel  obstruction.  Since  the  patient  did  not  appear  to  be 
seriously  ill,  he  ^vas  treated  by  a  long  suction  tube  which  drained  only  small 
amounts  of  cloudy  fluid.  He  continued  to  have  daily  bowel  movements.  Three 
days  after  admission,  the  long  tube  was  removed  and  the  patient  contiruied  to 
do  well  on  a  soft  diet. 

Twelve  days  after  admission,  a  small  bowel  series  was  done  and  repeated  for 
confirmation  two  days  later.  On  both  of  these  examinations,  the  transit  time  of 
the  barium  through  the  small  bowel  was  within  normal  limits  and  there  was  no 
evidence  of  remarkable  dilatation.  However,  there  was  a  segment  in  the  proximal 
jejunum  which  was  slightly  narrow'ed  with  a  completely  effaced  mucosal  pattern 
(Figs.  lA,  IB).  This  segment  was  unusually  straight,  showed  an  al)sence  of  the 
normal  sinuous  course  of  a  small  bowel  loop,  and  was  relati\'ely  static  since 


Case  69,  Fig.  IB.  During  the  later  portion  of  the  some  examination,  barium  persists 
in  the  proximal  involved  jejunal  segment  (arrow)  which  appears  unchanged  in  appear- 
ance and  location. 
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Case  69,  Fig.  2.  Small  bowel  series  shows  the  segment  in  the  proximal  ileum  to  be 
composed  of  two  loops  (arrows)  which  show  relative  lack  of  distensibility,  scalloped 
contours,  absence  of  a  valvular  pattern  and  thickening  of  the  wall  as  indicated  by  the 
increased  space  between  these  segments  and  the  adjacent  loops  of  small  bowel. 

barium  was  retained  in  this  area  for  a  considerable  period  of  time.  In  addition 
to  this  segment,  there  was  another  loop  or  loops  in  the  distal  jejunum  or  proximal 
ileum  which  also  showed  slight  narrowing  and  irregular  scalloping  of  the  con- 
tours with  flattened  or  ol)literated  mucosal  pattern  (Fig.  2).  The  distance  be- 
tween these  loops  and  the  adjacent  loops  of  small  bowel  was  inci'eased  indicative 
of  thickening  of  the  bowel  wall.  Contractility  of,  this  second  segment  was  also 
irregular  and  barium  was  retained  longer  than  in  adjacent  areas. 

The  two  portions  of  the  small  bowel  described  above  were  interpreted  as 
showing  evidence  of  segmental  infarction  as  a  result  of  mesenteric  occlusion.  It 
was  anticipated  that,  unless  operative  intervention  was  performed,  fibrosis  and 
stenosis  were  likely  to  occur  some  time  in  the  future.  It  was  therefore  recom- 
mended that  this  patient  undergo  laparotomy  but  he  refused  and  he  was  dis- 
charged to  the  Out- Patient  Department.  He  was  seen  about  two  months  after 
discharge  and  had  no  complaints  referable  to  the  abdomen.  Five  months  after 
dischai'ge,  however,  he  reappeared  in  the  emergency  room  with  another  acute 
episode  of  abdominal  jjain,  distension  and  vomiting  with  diffuse  abdominal 
tenderness  and  rebound  tenderness.  He  was  operated  on  immediately  and  almost 
the  entire  small  bowel  was  found  to  be  gangrenous.  A  massive  resection  was  done 
but  the  patient  succumbed  .shortly  post-operatively. 

The  roentgen  features  of  .segmental  infarction  have  been  previously  described 
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(Radiology,  66:  701,  and  (lie  liiidiiijis  in  tliis  case  arc  lypical.  Since 

if  takes  months  lor  fibrosis  and  stenosis  to  occuir,  fh(>  absence  of  fliese  findings 
diuinfi  the  final  episode  of  massive  infarction  in  the  present  case  is  not  surprising, 
it  is  of  interest  that  tlie  first  episode  of  mesenteric  occlusion  resulted  in  obvious 
compromise  of  only  short  segments  of  the  small  bowel  i)ut  that  in  the  second 
episode  the  entire  small  bowe!  includin<i  the  prex  ioiisly  in\-ol\-ed  segments  be- 
came gangrenous. 

Final  Diagnosis:  Segmext.vl  ixfakctiox  ov  the  small  bowel. 

CASE  NO.  70 

Submitted  by  Claude  Bloch,  M.D. 
New  York,  N.  Y. 

This  was  a  re-admission  of  a  (if  year  old  male  who  had  been  followed  and 
treated  for  eight  years  because  of  polycythemia  vera  which  was  known  to  have 


Case  70,  Fig.  lA.  Barium  swallow  shows  no  remarkable  limitation  of  distensibility  or 
abnormality  in  flow  of  barium  through  the  esophagus  and  into  the  stomach.  There  is, 
however,  distinct  and  constant  irregular  spiculation  of  the  entire  contour  of  the  filled 
esophagus.  The  fold  pattern  in  the  small,  contracted,  direct  type  of  hiatus  hernia,  how- 
ever, is  intact. 
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Case  70,  Fig.  IB.  With  less  filling  of  the  esophagus,  the  markedly  distorted  bizarre 
mucosal  pattern  responsible  for  the  serrations  of  the  contours  is  evident.  The  process 
involves  the  entire  length  of  the  esophagus  in  uniform  fashion.  The  small  elongated 
hernial  sac  is  evident  belov^  the  inferior  esophageal  sphincter. 

been  present  for  at  least  15  years.  For  four  years,  he  suffered  from  secondary 
gout  with  pain  in  the  toes,  ankles  and  knees.  Butazolidin  furnished  considerable 
relief.  The  current  admission  was  because  of  persistent  abdominal  pain,  nausea 
and  a  general  deterioration  of  his  coiulition.  Marked  anemia  and  leucopenia  were 
found  with  many  blast  cells  in  the  peripheral  blood.  Bone  marrow  aspiration 
and  biopsy  confirmed  the  clinical  impression  of  a  m>el()proliferati\'e  syndrome 
with  leukemic  changes.  He  was  immediately  treated  with  steroids  by  mouth. 
Because  of  fever  and  a  urinary  tract  infection,  the  patient  was  also  given  large 
amounts  of  penicillin,  streptomycin  and  Chlf)romycetin.®  Two  and  a  half  weeks 
after  admission,  he  began  to  complain  of  dysphagia. 

Roentgen  examination  of  the  esophagus  (Fig.  lA,  IB)  showed  no  delay  in  the 
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passage  of  l)ariiun  through  the  esophagus  or  into  the  slomach.  There  was  no 
remarkable  hmitatiou  in  (Hstensil)ihty  but  on  all  (ilms  the  contours  of  the  esoph- 
agus showed  a  fine  irregular  spiculation.  The  nuieosal  pattern  showed  a  complete 
absence  of  the  normal  longitudinal  folds  which  were  replaced  by  irregular  inter- 
lacing, fragmented  short  folds  or  areas  of  thickened  mucosa.  A  small  direct  type 
of  hiatus  hernia  was  also  present  but  the  fold  pattern  in  the  hernial  sac  was  intact. 

The  findings  in  the  esophagus  were  quite  unusual.  There  was  no  rigidity  or 
limitation  of  distensibility  or  discrete  filling  defe(;t  or  projecting  ulcer  crater 
and  no  remarkable  spasm  or  irritability.  The  findings  therefore  did  not  suggest 
a  neoplastic  process  or  the  usual  type  of  peptic  esophagitis.  The  chief  and  appar- 
ently the  only  feature  was  a  very  remarkable  disturbance  of  the  mucosa.  The 
nature  of  this  process  became  clear  when  it  was  discovered  that  the  patient  was 
suffering  from  a  severe  thrush  involving  the  entire  oral  cavity  and  extending  onto 
the  epiglottis.  It  became  evident  that  the  process  extended  into  and  throughout 
the  length  of  the  esophagus. 

There  have  been  several  case  reports  of  monilia  esophagitis  in  patients  who 
have  received  antibiotic  and  steroid  therapy  usually  during  the  course  of  chronic 
leukemia.  The  roentgen  findings  appear  to  be  characteristic  as  long  as  the  in- 
flammatory changes  remain  very  superficial.  In  more  severe  cases,  marked  spasm 
may  be  present  and  differentiation  from  other  \'arieties  of  esophagitis  may  be 
impossible. 

Final  Diagnosis:  AIoxilia  esophagitis. 


CASE  NO.  71 

This  was  the  first  admission  of  a  76  year  old  white  female  with  a  history  of 
epigastric  pain  one  month  prior  to  admission  which  disappeared  within  a  few 
hours.  This  was  not  associated  with  nausea  or  vomiting.  However,  occult  blood 
was  found  in  the  stool  and  the  hemoglobin  was  reduced  to  6  grams  per  cent.  The 
patient  was  treated  with  transfusions  and  iron  by  mouth  after  a  gastrointestinal 
series  had  revealed  a  paraesophageal  hernia.  The  patient  was  admitted  for  addi- 
tional investigation  and  possible  surgical  intervention.  Physical  examination  on 
admission  was  non-contributory.  Hemoglol)in  was  10.5  grams  per  cent.  White 
count  was  normal  with  a  normal  differential  count. 

Barium  enema  examination  (Fig.  lA,  IB)  showed  no  abnormality  in  the  colon. 
Barium  entering  the  appendix,  however,  outlined  a  peculiar  cresentic  collection 
which  on  close  examination  appeared  to  cap  an  ovoid  soft  tissue  density  about 
an  inch  and  a  half  in  its  longest  diameter.  This  appearance  was  interpreted  as 
most  likely  due  to  a  mucocele  of  the  appendix.  This  was  confirmed  at  exploratory 
operation;  the  appendix  including  the  mucocele  was  removed.  The  patient  was 
discharged  for  additional  follf)W-up  to  determine  whether  repair  of  the  paraesoph- 
ageal hernia  was  to  be  done. 

Final  Diagnosis:  Mucocelk  of  the  appendix. 
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Case  72,  Fig.  lA.  Barium  enema  examination  shows  a  sharply  demarcated,  punched- 
out  circular  filling  defect  located  in  the  lower  pole  of  the  caput  coii  in  its  medial  portion. 
There  is  no  evidence  of  filling  of  the  appendix. 

CASE  NO.  72 

This  was  the  second  admission  of  a  52  year  old  white  female  who  ten  years  ago 
had  undergone  appendectomy  and  hysterectomy.  For  some  time  the  patient  had 
been  complaining;'  of  episodes  of  right  lower  fjuadrant  cramp-like  pain  associated 
with  loose  stools  l)ut  without  nausea  or  vomiting.  On  occasion,  the  patient  com- 
plained of  rather  vague  episodes  of  abdominal  distension.  There  had  been  no 
bleeding  or  melena. 

Barium  enema  examination  (Fig.  lA,  iBj  showed  a  reniarkal)ly  well-circum- 
scribed, sharply  demarcated,  spherical  defect  in  the  lowermost  pole  and  medial 
portion  of  the  caput  coli.  The  appearance  was  most  suggestive  of  an  inverted 
appendiceal  stump  although  the  possil)ility  of  a  small  polyp  could  not  be  entirely 
excluded. 

This  patient  was  explored  and  the  i-emnant  of  an  inverted  appendiceal  stump 
removed.  Pathological  report  was  "Polypoid  cecal  mucosa.  Remnant  of  appendi- 
ceal lumen  in  the  center." 

Final  Diagnosis:  L\vf:rted  appendiceal  stump. 
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Case  72,  Fig.  IB.  After  evacuation,  the  defect  in  the  caput  coli  (arrow)  persists 
unchanged. 

CASE  NO.  73 

This  56  year  old  female  complained  for  many  years  of  a  feeling  of  a  "lump"  in 
the  epigastriinn  although  no  masses  had  e\'er  been  palpated.  She  also  complained 
that,  at  times,  the  right  side  of  her  abdomen  became  distended  and  that  this 
feeling  of  fullness  extended  towards  the  right  hip.  She  would  occasionally  become 
nauseous  in  the  middle  of  the  afternoon  and  this  would  persist  until  she  would 
fall  asleep  at  night,  lliere  had  been  a  loss  of  'about  live  pounds  within  one  year. 
Gall  bladder  series  liad  demonstrated  Aschoff-Rokitansky  sinuses  in  the  gall 
bladder  but  no  definite  evidence  of  biliary  calculi.  A  barium  meal  examination 
was  said  to  have  been  negati\'e.  There  was  no  history  of  any  abdominal  opera- 
tion. Hemoglobin  was  13.9  grams  per  cent,  white  blood  count  and  differential 
count  were  normal  as  was  the  sedimentation  time.  Stools  were  negative  for  blood. 

Barium  enema  examination  (Fig.  lA,  IB)  demonstrated  a  broad-based  sharply 
demarcated  filling  defect  projecting  into  the  caput  coli  from  its  inferior  pole. 
This  defect  was  unchanging  in  size  in  different  phases  of  distension  of  the  colon. 
There  was  no  evidence  of  filling  of  the  appendix. 

Examination  of  the  ileocecal  region  after  barium  by  mouth  (Fig.  2)  confirmed 
the  findings  of  the  barium  enema  and  gave  the  impres.sion  of  flattening  of  the 
infero-medial  aspect  of  the  caput  coli  as  well  as  pei'haps  slight  mesial  displace- 
ment of  the  terminal  ileum.  At  exploratory  laparotomy,  the  appendix  containing 
a  large  mucocele  was  found  intussuscepting  or  inverting  into  the  caput  coli. 

Final  Diagnosis:  Intussusceptlng  mucocele  of  the  appendix. 
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Case  73,  Fig.  2.  Ileocecal  region  after  administration  of  barium  by  mouth  shows  find- 
ings similar  to  those  seen  on  the  enema.  There  is  also  evidence  of  flattening  of  the 
medial  aspect  of  the  caput  coli  and  an  arcuate  course  of  the  terminal  ileum  which 
suggests  that  it  may  surround  an  extrinsic  component  of  the  mass. 

CASE  NO.  74 

This  was  the  first  athiiissioii  of  a  68  year  old  female  who  had  complained  of 
recurring  heartburn  for  many  years.  One  year  prior  to  admission,  she  had  de- 
veloped congestive  heart  failure  marked  by  ankle  edema  and  pretibial  edema. 
With  treatment,  she  improv(>d  rapidly  and  in  the  year  prior  to  admission  had 
lost  35  pounds  in  weight  due  to  loss  of  fluid.  One  month  prior  to  admission,  she 
noted  bright  red  blood  in  the  stool.  Appendectomy  was  said  to  have  been  done 
many  years  previously.  Physical  examination  was  not  contributory  except  for 
slight  hypertension.  Hemoglobin  was  13  grams  per  cent.  Sigmoidoscopy  was  not 
remarkable.  Barium  enema  examination,  however,  (Fig.  lA,  IB)  demonstrated  a 
discrete,  sharply  demarcated,  hemispherical  filling  defect  in  the  caput  coli.  This 
seemed  to  arise  from  the  lateral  aiul  inferior  portion  of  the  caput  coli  by  a  broad 
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base.  Tlieix'  was  a  suggestion  that  after  e\-aeuation,  there  was  some  change  in 
the  configuration  and  appnicnt  size  of  the  defect.  There  was  no  evidence  of 
mucosal  ulceration. 

The  patient  was  admitted  because  of  the  findings  on  barium  enema  and  ex- 
ploratory laparotomy  performed.  A  soft  mass  was  found  in  the  wall  of  the  caput 
coli  which  was  encapsulated  and  easily  enucleated  after  incising  the  serosa.  The 
mucosa  was  intact  and  did  not  appear  to  be  stretched  out  over  the  mass  which 
was  located  in  the  submucosa.  On  cut  section,  the  mass  had  the  typical  appear- 
ance of  a  lipoma. 

The  appearance  of  the  defect  in  the  caput  coli  in  this  case  is  similar  to  Case 
No.  73  except  for  its  location  lateral  to  the  base  of  the  appendix.  In  both  cases, 
the  tumor — mucocele,  lipoma — is  intramural  as  indicated  by  the  broad  based, 
sharply  demarcated,  smoothly  contoured,  hemispherical  appearance  of  the  de- 
fect. The  diagnosis  of  mucocele  is  based  on  location,  at  the  base  of  the  appendix, 
with  failure  to  fill  the  appendix.  A  lipoma  in  this  region  is  most  commonly  lo- 
cated on  the  ileocecal  valve.  In  contrast  to  most  lipomas  of  the  colon  which 
reach  a  large  size  (J.  Mt.  Sinai  Hosp.,  21 :  80,  154),  there  was  no  evidence  of  the 
formation  of  a  pseudo-pedicle  or  stalk  in  the  current  case.  This  was  fortunate 
since  enucleation  was  feasible  and  colotomy  was  not  required. 

This  case  is  presented  through  the  courtesy  of  Dr.  Albert  Cornell  and  Dr. 
Bernard  Friedman. 

Final  Diagnosis:  Submucosal  lipoma  of  the  caput  coli. 
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SEVERE  HYPERTENSION  AND  BACK  PAIN  IN  A  YOUNG  GIRL 

Edited  by 
FENTON  SCHAFFNER,  M.D. 

A  16  year  old  Nogro  female  high  school  .student  was  admitted  to  The  Mount 
Sinai  Hospital  for  the  second  time  l)ecause  of  weakness,  vomiting  and  confusion 
on  November  12,  1957. 

In  the  spring  of  1956,  the  patient  noted  low  back  pain  and  ankle  swelling  but 
had  no  fever,  sore  throat  or  smoky  urine.  The  patient  was  told  that  she  had  high 
blood  pressure  and  kidney  disease,  and  she  was  kept  at  home  for  one  month. 
On  a  low  salt  diet  she  became  asymptomatic  until  May,  1957  when  she  noted 
l)lurred  vision.  She  was  seen  by  an  ophthalmologist  and  was  admitted  to  The 
Mount  Sinai  Hospital  for  the  first  time  on  May  28,  1957. 

Physical  examination  revealed  her  blood  pressure  to  be  190/130  and  she  had 
retinal  hemoi'rhages  and  exudates  with  nasal  blurring  of  the  discs.  The  thyroid 
was  diffusely  enlarged.  The  left  ventricle  was  hypertrophied  and  the  liver  was 
felt  two  fingerbreadths  below  the  right  costal  margin.  A  nodular  5  x  4  cm.  mass 
was  palpated  2  cm.  to  the  left  of  the  midline  in  the  left  lower  ciuadrant.  This 
mass  had  intrinsic  pulsations  or  transmitted  aortic  pulsations.  A  mass  of  hard 
matted  lymph  nodes  was  present  in  the  left  axilla  but  there  was  no  other  sig- 
nificant lymphadenopathy. 

Urinalysis  showed  a  concentration  of  1.010,  2+  alljumin  with  occasional  red 
and  white  cells  and  hyaline  and  granular  casts.  Hemoglobin  was  10.6  Gm.  %, 
and  the  white  blood  count  was  5,100  cu.  mm.  with  8  to  18%  eosinophiles.  The 
sedimentation  rate  was  64  mm./hr.  The  BUN  was  35  mg.  %;  albumin,  4.0 
Gm.  %;  globulin,  3.6  (im.  %;  phenolsulphonphthalein  retention  5%  in  15  min- 
utes and  25%  in  2  hours.  L.E.  and  sickle  preparations  were  negative.  Serum 
electrolytes  and  the  results  of  various  hepatic  tests  were  normal.  Chest  x-ray 
showed  a  density  in  the  right  paratracheal  region  which  was  either  a  lymph  node 
or  prominent  innominate  artery.  The  heart  was  enlarged.  The  aortic  knob  was 
prominent.  On  intravenous  pyelography  the  kidneys  were  normal  in  size.  There 
was  prompt  appearance  of  dye  on  the  right  side  with  suggestive  evidence  of  a 
soft  tissue  density  in  the  lower  left  lumbar  region.  Differential  renal  function 
studies  were  attempted  with  ureteral  catheters  in  place;  however,  this  was  un- 
successful. Left  axillary  lymph  node  biopsy  revealed  caseating  granulomatous 
lymphadenitis  in  whi('h  acid-fast  bacilli  were  seen. 

During  her  hospitalization  the  patient  developed  erythematous  nodular  lesions 
on  both  lower  extremities.  Biopsy  of  one  of  these  lesions  was  reported  as  "skin 
and  dermis  with  no  significant  change".  A  right  renal  biopsy  was  also  performed. 
The  patient  was  treated  with  isoniazid,  paraaminosalicylic  acid,  streptomycin, 
Serpasil,®  Apresoline®  and  two  blood  transfusions.  Her  condition  was  unchanged 
and  she  was  discharged  on  August  1,  1957. 

From  the  Department  of  I'athology,  The  Mount  Sinai  Hospital,  New  York,  N.  Y. 
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In  November,  l',)")7  she  began  to  experience  weakness,  headache  and  shortness 
of  breath.  She  was  treated  with  Digoxin®  with  some  improxement.  On  November 
8,  1957  she  experienced  epigastric  pain,  nansea  and  Ijegan  to  v(jmit  fre<inently. 
She  became  confused  and  on  No\-ember  12,  1957  was  admitted  for  tlie  last  time. 

The  patient  was  an  acutely  ill  young  negro  female  with  mild  orthopnea,  a 
uremic  odor  and  mental  confusion.  Blood  pressure  was  240  140  in  both  arms, 
pulse  100  min.  and  I'egular,  temperature  98.6°F.  and  respirations  2(5/min..  There 
were  several  macular  erythematous  pretibial  skin  lesions  3  cm.  in  diameter.  The 
mucous  membranes  were  pale.  Fundoscopic  examination  revealed  hemorrhages, 
exudates  and  papilledema.  Enlargement  of  the  thyroid  was  again  noted.  The 
neck  veins  were  distended  and  there  was  a  positive  hepatojugular  reflux.  The 
left  axillary  nodes  were  still  palpable.  The  right  lung  base  was  flat  with  bilateral 
basilar  subcrepitant  rales.  The  point  of  maximum  impulse  was  in  the  sixth  left 
intei'space  in  the  anterior  axillary  line.  A  gallop  rhythm  was  heard  with  a  loud 
second  aortic  sound.  The  abdomen  was  markedly  distended  and  the  Ii\'er  was 
palpal)le  five  flngerbreadths  below  the  right  costal  margin.  The  left  lower  quad- 
rant mass  was  unchanged.  There  was  no  peripheral  edema. 

Urinalysis  show'ed  4+  albumin,  many  RBC's  and  an  occasional  granular  cast. 
HemoglolMu  was  7.0  Gm.  %  and  WBC  was  6,650  cu.  mm.  with  a  normal  differ- 
ential count.  The  BUN  w-as  103  mg.  %;  CO2,  15.3  mEq./L;  chlorides,  78  mEq./L; 
sodium,  120  mEq./L;  potassium,  7.2  mEq./L;  albumin,  3.3  Gm.%;  globulin, 
3.0  Gm.%;  and  creatinine,  12.6  mg.  %.  An  electrocardiogram  showed  left 
ventricular  hypertrophy. 

On  the  first  hospital  day,  the  patient  was  treated  with  intramuscular  Ser- 
pasil®;  however,  her  condition  continued  to  deteriorate.  Her  urinary  output  was 
100  cc.  per  day.  When  her  potassium  was  reported  as  8.2  mEq./L  and  tall  T 
waves  were  noted  in  the  precordial  leads,  she  was  given  50%  glucose  with  insulin, 
potassium  exchange  resins  and  enemas  with  a  fall  of  the  serum  potassium  to 
5.9  mEq./L.  On  the  third  hospital  day,  the  patient  experienced  severe  back  pain. 
Several  minutes  later  she  expired. 

Dr.  Lester  R.  Tiichman*:  Ladies  and  gentlemen,  this  is  my  first  clinical-patho- 
logical conference  and  I  thought  I  might  introduce  an  innovation.  As  you  all 
know,  the  panel  system  has  now  taken  over  medicine.  I  thought  that  todaj^  we 
might  try  that  method  and  see  how  it  works  in  a  clinical-pathological  conference. 
I  have,  therefore,  invited  people  into  whose  areas  the  problems  which  are  pre- 
sented seem  to  rest.  I  have  asked  Dr.  Siltzbach  to  come  and  discuss  with  us  those 
things  which  have  to  do  with  tubei'culosis.  Dr.  Levitt  h;is  fjuestions  that  deal 
with  nephritis;  Dr.  Mendlowitz,  hypertension;  and  Dr.  Wolf  has  promised  to 
come  and  talk  to  us  about  the  x-ray  findings. 

You  all  know  the  salient  facts.  I  think  it  must  be  clear  to  all  of  you  where  the 
problems  lie,  and  with  your  permission  I  will  address  myself  as  moderator  to  the 
problems. 

This  is  a  Ki  year  old  Negress,  admitted  with  a  marked  hypertension  and  with 
what  seemed  to  be  une(iui\'ocal  e\-idence  of  lymphadenitis  of  tuberculous  origin. 
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She  also  had  a  renal  Icsidii  of  marked  extent  witli  an  enormous  tendency  lo  a 
lapid  proffression  and  death.  It  seems  to  be  (luite  clear  that  there  was  a  caseatinj? 
lesion.  Dr.  Siltzbach,  would  you  accept  as  tuberculosis  the  evidence  of  the  biopsy 
w  Inch  shows  a  caseating  lesion  and  acid-fast  bacteria? 
Dr.  Louis  E.  Siltzbach*:  I  would  think  so. 

Dr.  Tuchman:  \on  do  not  think  there  is  any  other  acid-fast  bacillus? 

Dr.  Siltzbach:  I  thiak,  for  the  purposes  of  our  discussion,  such  organisms  as 
atypical  acid-fast  bacilli  or  nocardia  need  not  be  given  much  consideration.  We 
can  accept  the  axillary  lymphadenopathy  as  tuberculous  since  we  found  both 
caseation  and  acid-fast  bacilli.  The  axilla  is  not  an  uncommon  localization  for 
tuberculous  nodes  although  the  cervical  region  is  more  frequently  affected. 

Dr.  Tuchman:  What  do  you  think  of  the  mass  in  the  left  lower  quadrant? 

Dr.  Siltzbach:  That  is  a  great  puzzle.  I  have  not  seen  the  projected  film  but 
several  thoughts  suggest  themselves.  First,  I  do  not  believe  that  one  ordinarily 
can  palpate  retroperitoneal  nodes  easily.  A  definite  mass  was  felt  in  the  left  lower 
quadrant  and,  if  this  finding  is  on  a  tuberculous  basis,  one  would  rather  think  of 
mesenteric  nodes  or  masses  of  omentum  in  peritoneal  in\'oh'enient  by  tubercu- 
losis, but  I  doubt  that  these  are  present. 

Dr.  Tuchman:  From  the  location  as  described  in  the  chart,  would  you  consider 
that  this  could  be  tuberculosis  of  the  kidney? 

Dr.  Siltzbach:  No,  I  do  not  think  so.  The  findings  of  the  urinary  sediment  are 
not  characteristic  of  tuberculosis  of  the  kidney.  We  are  told  that  both  kidneys 
were  of  equal  size  radiologically.  Nor  did  this  patient  have  increased  frequency 
or  burning  on  urination  which  occurs  in  kidney  tuberculosis  when  the  bladder 
is  involved. 

It  is  my  guess  that  the  mass  which  was  felt  in  the  left  lower  quadrant  is  not  a 
tuberculous  kidney  even  though  patients  with  lymph  node  tuberculosis  are  more 
likely  to  have  kidney  tuberculosis  than  patients  with  the  common  variety  of 
pulmonary  tuberculosis. 

Of  course  we  might  be  dealing  with  a  psoas  abscess  secondary  to  Pott's  disease 
of  the  spine  of  tuberculous  origin,  but  the  bone  films  do  not  support  this  idea. 

Dr.  Tuchman:  Can  you  conceive  of  any  tuberculous  lesion  involving  the  area 
in  the  left  lower  quadrant  as  described  in  the  protocol  that  would  explain  either 
the  hypertension  or  the  urinary  findings? 

Dr.  Siltzbach:  I  am  unwilling  to  connect  tuberculosis  in  the  lymph  nodes  or 
el.sewhere  to  the  hypertension  and  urinary  findings.  I  think  it  is  more  likely, 
from  the  rest  of  the  story,  that  the  patient  had  some  unusual  vascular  disease, 
but  no  doubt  you  will  hear  more  about  this  from  the  other  panelists. 

Parenthetically,  I  do  not  recall  seeing  a  patient  with  such  severe  hypertension 
in  tuberculosis  of  the  kidney,  nor  have  I  heard  of  any  instance  in  which  pressure 
<if  retroperitoneal  tuberculous  lymph  nodes  on  a  renal  artery  caused  a  so-called 
( loldblatt  phenomenon. 

In  short,  I  think  that  the  patient  has  two  diseases,  lymph  node  tuberculosis 
and  some  vascular  disease. 
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Dv.  Tuchman:  Would  ;i  tuberculous  lymphadenitis  be  likely  to  develop  into 
an  amyloid  disease  to  give  a  renal  lesion  of  any  kind  and  a  renal  lesion  resembling 
this? 

Dr.  SiltzhacJi:  I  do  not  believe  so. 

Dr.  Tuchman:  May  I  recapitulate  and  see  if  I  understand  clearly  what  you 
have  said?  You  are  of  the  opinion  that  the  tuberculosis  has  been  established  for 
the  lymphadenitis  but  that  it  is  not  in  any  probable  way  related  to  the  rest  of 
the  clinical  picture. 

Dr.  SiUzbach:  That  is  correct.  I  would  feel  more  comfortable  about  the  tuber- 
culous nature  of  the  lymphadenopathy  if  positive  cultures  for  tubercle  bacilli 
had  been  obtained,  but  even  without  this  I  think  we  can  accept  the  diagnosis  of 
lymph  node  tuberculosis. 

Dr.  Tuchman:  Are  there  any  questions  you  would  like  to  address  to  Dr. 
Siltzbach? 

Doctor:  Was  the  erythematous  lesion  related  to  tuberculosis? 

Dr.  Siltzbach:  I  did  not  personally  see  the  erythematous  nodular  lesions  on 
both  lower  extremities.  Generally,  the  erythema  nodosa  occurs  six  weeks  after 
the  first  contact  with  the  bacillus.  In  other  words,  it  generally  comes  at  about 
the  same  time  the  patient's  tuberculin  response  converts  from  negative  to  po.si- 
tive.  There  are  exceptions,  of  course,  in  that  some  tuberculous  patients  may 
have  more  than  one  attack  of  erythema  nodosa  particularly  during  a  period  of 
fresh  hematogenous  dissemination,  but  this  girl's  course  was  afebrile  and  I  would 
rather  relate  the  skin  lesion  to  some  vascular  phenomenon  rather  than  to  classical 
erythema  nodosa. 

Dr.  Tuchman:  Dr.  Mendolowitz,  would  you  tell  us  how  you  feel  about  a  young 
girl  of  16  with  blood  pressure  levels  such  as  are  described  here?  In  what  areas 
would  you  look  for  causes? 

Dr.  Milton  Mendlowitz*:  I  think  this  case  is  very  peculiar  and  unusual  from 
several  points  of  view.  With  reference  to  the  hypertension,  she  had  very  high 
levels  of  blood  pressure  and  eye  ground  changes  that  were  extensive.  In  other 
words,  this  was  a  malignant,  highly  accelerated  form  of  hypertension. 

Now,  the  question  is:  what  underlying  disease  was  present  in  a  girl  at  16  years? 
I  do  not  think  it  can  be  resolved  from  pure  clinical  examination  alone  from  what 
we  know  about  this  case.  However,  I  think  we  can  guess  in  certain  directions. 
We  are  told  that  there  was  prompt  appearance  of  a  dye  on  the  right  side  on  in- 
travenous pyelography  while  there  was  no  appearance  of  the  dye  on  the  left 
side.  From  this  one  would  assume  that  this  patient  either  had  a  congenitally 
small  or  absent  left  kidney  or  that  she  had  a  normal-sized  left  kidney  to  which 
the  circulatory  supply  was  obstructed — so-called  Goldblatt  kidney — or  that  she 
had  some  disease  of  that  kidney  which  made  it  impossible  for  the  dye  to  be 
visualized. 

There  were  no  arteriographic  studies  made,  so  we  really  do  not  know  too  much 
about  what  has  occurred  in  the  left  kidney. 
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Fig.  1.  Intravenous  i)ye!ogi-;tni  showinj;  \  i-ii:ilization  of  the  right  kidney  and  a  normal- 
sized  left  renal  shadow  hut  with  no  dye. 

Dr.  Tuchman:  Dr.  Mendlowitz,  I  want  to  interrupt  at  this  point.  Dr.  Wolf 
will  tell  us  about  the  x-ray  films. 

Dr.  Bernard  Wolf*:  In  the  pyelogram  the  riglit  side  is  visualized  with  calyces 
and  a  renal  outline  which  do  not  seem  to  be  remarkable  (Fig.  1).  On  the  left  side 
there  is  no  visualization  but  there  does  seem  to  be  a  renal  shadow  which  has  the 
normal  configuration  and  which  is  normally  located.  The  psoas  shadows  are 
obscured  by  intestinal  contents.  In  the  bones  there  are  no  distinctive  lesions. 

Dr.  Tuchman:  Would  you  tell  us  what  light  this  throws  on  the  ciuestion  as  to 
whether  there  is  any  disease  in  the  left  kidney  that  has  clinical  importance  for 
the  facts  as  presented? 

Dr.  Wolf:  There  are  many  reasons  for  failure  of  visualization.  These  range  all 
the  way  from  a  ureteral  calculus  with  temporary  kidney  block  to  diffuse  inflam- 
matory processes  in  the  kidney  and  also  to  various  vascular  lesions  of  the  kidney, 
none  of  which  can  be  recognized  by  the  plain  film  or  iiiti-a\'enous  pyelogram, 
particularly  if  there  is  no  visualization. 

Dr.  Tuchman:  If  this  was  a  vascular  lesion,  how  large  a  \'essel  would  have  to 
be  involved  to  cause  it? 
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Dr.  WdlJ:  It  need  not  he  a  large  vessel,  assuming  that  there  has  been  an  acute 
process  in  the  nature  of  renal  infarct.  If,  however,  there  has  been  a  chronic 
process  related  to  vascular  disease,  it  should  involve  a  major,  if  not  the  main, 
renal  vessel. 

Dr.  Tuchman:  Is  there  anything  here  which  would  lead  you  to  suspect  that 
this  would  be  tuberculosis? 

Dr.  Wolf:  Since  one  cannot  see  any  details  of  the  collecting  system,  it  is  im- 
possible to  say.  It  is  rare,  however,  for  tuberculosis  to  involve  the  kidney  to  a 
point  where  there  is  no  visualization  and  not  cause  some  disturbance  of  the  renal 
outline. 

Sometimes  one  can  see  what  looks  like  a  renal  outline  Avhen  there  is  no  kidney. 
For  instance,  after  a  nephrectomy,  what  looks  like  a  renal  outline  is  seen  but,  in 
reality,  is  the  result  of  residual  perinephric  fat. 

Dr.  Tuchman:  The  mass  as  described  is  supposed  to  be  in  the  left  lower  quad- 
rant, two  inches  to  the  left  of  the  midline  and  four  to  five  centimeters  in  dimen- 
sion. How  do  you  relate  that  to  the  kidney? 

Dr.  Wolf:  I  certainly  cannot  see  any  evidence  of  the  mass. 

Dr.  Tuchman:  Dr.  Levitt,  how  do  you  interpret  these  renal  findings  and  the 
history  and  physical  as  given? 

Dr.  Marvin  F.  Levitt*:  I  think  the  most  important  features  of  this  patient, 
when  she  came  in,  was  the  association  of  fever  with  striking  renal  disease  and 
severe  hypertension.  The  problem  is  to  determine  whether  the  hypertension  was 
a  conserjuence  of  primary  renal  disease  or  a  so-called  Goldblatt  phenomenon  or 
whether  she  had  accelerating  hypertensive  disease. 

What  is  important  in  helping  to  differentiate  is  the  very  first  sentence  that 
mentioned  the  fact  that  this  girl  had  edema.  I  would  like  to  know  a  little  more 
about  the  nature  of  that  edema  seven  to  eight  months  before  she  came  in. 

There  are  three  possible  explanations  for  this  edema.  One  is  that  she  had  con- 
gesti^'e  heart  failure.  It  would  be  unusual  for  a  young  girl  to  suddenly  develop 
congesti\'e  heart  failure  as  the  first  manifestation  of  accelerated  hypertension.  I 
would  like  to  know  if  she  was  short  of  breath,  if  there  was  swelling  of  the  eyes, 
and  something  about  the  back  pain.  I  cannot  explain  back  pain  on  the  basis  of 
congestive  heart  failure.  It  is  possible  that  she  had  congestive  heart  failure  but  I 
am  not  satisfied  with  that  explanation  for  the  edema. 

It  is  possible  that  she  had  a  nephrotic  syndrome  secondary  to  glomerulo- 
nephritis or  possibly  amyloid.  For  a  patient  with  amyloid  nephrosis  to  clear  up 
by  the  time  she  gets  into  the  hospital  is  extremely  unlikely.  Even  if  the  edema 
were  due  to  a  nephrotic  syndrome,  I  would  like  to  see  some  persistence  of  the 
nephrotic  syndrome  when  she  entered  the  hospital.  There  was  no  massive  albu- 
minuria, no  hypoalbuminemia  and  no  hypercholesteremia.  I  am  left  w^ith  the 
possibility  that  she  had  an  acute  nephritis  and  that  this  was  responsible  for  her 
edema  and  responsible  for  the  back  pain;  the  latter  would  not  go  hand-in-hand 
with  congestive  heart  failure  or  nephrotic  syndrome. 

On  the  basis  of  the  fact  that  her  presenting  symptom  was  edema,  I  think  the 
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most  likely  jjossihilily  is  Ihal  she  had  acute  dili'iise  j^loiiiei'iilDiiepliril is  nine 
months  before  her  death. 

Now,  1  am  also  \'eiy  disturbed  by  the  fact  that  the  left  kidney  does  not  visual- 
ize. I  do  not  belie\'e  we  ha\'e  eiiougli  e\'idenee  to  draw  any  conclusions  from  that 
because  I  think  the  right  side  visualized  only  poorly  and  the  left  side  visualiza- 
tion was  maylie  slightly  poorer  than  the  right  side.  The  massive  nodes  may  have 
been  enough  to  ol)scure  the  kidney  on  the  left.  I  think  these  lymph  nodes  would 
help  explain  an  absence  of  visualization  on  the  left  without  marked  evidence  of 
disturbed  renal  function  on  both  sides. 

Dr.  Tiichman:  What  do  you  think  of  the  diagnosis  of  nephritis? 

Dr.  Levitt:  It  appeals  to  me  because  it  is  the  only  diagnosis  that  would  explain 
the  edema  nine  months  before  admission. 

Dr.  Ti«'hman:  How  often  have  you  seen  a  blood  pressure  of  240  130  in  chronic 
nephritis? 

/)/•.  Lcritt:  It  occurs  in  the  uremic  phase  or  with  the  association  of  a  super- 
imposed glomerulonephritis.  About  the  precise  frequency,  I  would  not  be  willing 
to  hazard  a  guess,  but  I  do  not  think  it  rules  out  the  diagnosis  of  the  chronic 
nephritis  in  the  uremic  phase. 

Dr.  Tuchman:  Which  do  you  favor  between  a  vascular  lesion  and  chronic  pro- 
gressive glomerulonephritis? 

Dr.  Levitt:  I  cannot  explain  the  original  onset  of  edema  on  the  basis  of  accelerat- 
ing hypertension.  If  she  was  in  heart  failure,  why  did  it  improve  despite  the  pro- 
gression of  her  disease? 

Dr.  Tuchman:  Dr.  Bank  several  years  ago  described  some  ten  cases  of  hyper- 
tension of  tremendous  order  with  lesions  which  were  reminiscent  of  periarteritis. 
How  would  you  put  this  case  in  reference  to  the  group  described  by  Dr.  Bank? 

Dr.  Levitt:  I  do  not  think  she  is  one  of  them  because  those  patients  did  not 
present  with  edema.  Also,  there  is  one  other  finding  which  may  be  deserving  of 
some  emphasis.  On  the  fii'st  admission  she  did  not  have  many  red  cells  in  her 
urine,  which  would  have  been  present  in  large  numbers  in  necrotizing  ai'tei'itis. 

Dr.  Tuchman:  It  may  not  have  been  necrotizing  at  this  time. 

Dr.  Levitt:  I  think  it  would  have  had  to  be. 

Dr.  Tuchman:  At  that  time  she  did  not  have  (juite  the  present  blood  pressure 
level. 

Dr.  Levitt:  She  had  diastolic  pressures  of  about  130  mm.  Hg.  The  finding  that 
I  am  having  trouble  with  is  the  edema.  Edema,  to  me,  is  most  impressive  because 
I  cannot  think  of  any  other  explanation  for  its  disappeaiance. 

Dr.  Tuchman:  You  agree  with  Dr.  Siltzbach  that  tul)ercuIosis  had  nothing 
to  do  with  the  renal  lesion? 

Dr.  Levitt:  To  my  recollection,  tuberculous  lymph  nodes  producing  a  Goldblatt 
phenomenon  has  never  been  described.  However,  when  we  first  saw  her,  that  was 
one  possible  explanation  that  worried  us.  That,  also,  would  not  explain  the 
edema. 

Dr.  Tuchman:  Thank  you  very  much.  I  think  one  of  the  wittiest  things  that 
Stevenson  ever  said  was  that  he  felt  that  a  moderator  should  be  like  the  fan  in 
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tlie  fan  dance;  to  call  attention  to  the  sul)ject  withont  ohscau'ing  the  view.  The 
important  \-ie\v  here  is  Dr.  Popper's  findings  and  I  will  tnrn  the  meeting  over 
to  him. 

Dr.  Hans  Popper*:  The  case  which  we  will  present  is  rather  complex  l)oth 
from  the  clinical  history  as  well  as  from  the  pathological  standpoint. 

First,  let  me  (juickly  review  with  you  the  pathological  findings  in  the  biopsy 
specimen  from  the  right  kidney  which  unfortunately  was  not  of  the  best  technical 
quality.  The  glomeruli  were  surprisingly  well  preserved  at  this  time.  Some 
thickening  of  the  glomeruli  was  present  at  the  \'ascular  pole.  There  were  moderate 
changes  in  some  glomeruli  l)ut  predominantly  we  saw  some  degree  of  nephro- 
sclerosis. You  have  already  read  the  negative  report  of  the  skin  biopsy  and  we 
could  only  confirm  this. 

In  looking  at  the  biopsy  of  the  lymph  nodes,  we  found  a  granulomatous  lesion. 
The  granulomatous  lesion  extensively  replaced  the  lymph  node  architecture. 
There  was  extensive  hyalinization  of  the  reticulum  and  a  fibrosing  tubercle  was 
noted.  Since  acid-fast  bacilli  were  found,  we  all  will  agree  with  Dr.  Siltzbach 
that  it  had  to  be  lymph  node  tuberculosis  and  it  was  generalized,  at  least  at  the 
time  of  autopsy.  In  the  tracheobronchial  l3^mph  node,  a  large  solidified  focus  of 
tuberculosis  was  found,  and  tuberculosis  was  also  found  in  the  periaortic  and 
mediastinal  nodes  and  around  the  pancreas.  Markedly  thickened  reticulum  with 
a  high  collagen  content  was  present  in  all  the  nodes.  The  collagenization  of 
reticulum  and  scarring  are  part  of  the  healing  process  of  tuberculosis.  It  occurs 
occasionally  in  sarcoidosis.  The  question  arises  as  to  what  degree  this  influenced 
the  general  picture.  The  lungs  were  de\'oid  of  any  pathological  changes.  The  pul- 
monary arteries  appeared  entirely  normal,  as  did  the  pleura. 

The  heart  weighed  420  grams  in  this  young  girl  16  years  of  age.  Cardiomegaly 
was  more  marked  on  the  left  than  on  the  right  side.  In  addition,  pericarditis  was 
found  with  adhesions  which  easily  separated  and  hemorrhagic  areas  were  seen, 
all  in  keeping  prol)ably  with  typical  uremic  pericarditis. 

The  myocardium  appeared  unaltered.  As  we  inspected  the  cardiac  chambers, 
we  saw  extensive  left-sided  hypertrophy.  The  aortic  valve  was  perfectly  normal. 
Though  the  heart  was  generally  hypertrophied,  it  was  only  slightly  dilated  and 
nothing  in  the  heart  itself  indicated  that  the  increased  pressure  led  to  cardiac 
decompensation. 

Extending  out  of  the  aortic  valve,  almost  an  arterial  cirrhosis  was  present  with 
significant  arteriosclerosis  for  this  age.  We  were  interested  as  to  whether  hyper- 
cholesteremia was  present  in  the  young  girl.  It  is  not  in  the  record  but  I  have 
been  told  that  the  serum  cholesterol,  at  least  at  the  time  it  was  determined, 
was  normal.  We  have  the  type  of  arteriosclerosis  in  this  age  group  which  I  would 
still  like  to  connect  with  hypercholesteremia.  In  the  media  of  the  aorta,  we  saw 
edema.  The  elastica  and  the  muscle  fibers  were  distinctly  separated  by  a  material 
which  did  not  show  a  chromotropic  type  of  degeneration.  There  was  also  distinct 
edema  of  the  aortic  valve  with  separation  of  the  elastica  and  the  muscle  fibers. 

*  Director,  Department  of  Pathology,  The  Mount  Sinai  Ho.spital,  New  York,  N.  Y. 


CI.I  MCO-l'ATIIOLOClC AL  COXKIOKEXOK 


215 


Fig.  2.  Small  auptirysm  of  alKlominal  aorta  showing  break  in  the  elastica  fibers  (arrows). 
(Elastica  stain  X  4)". 

In  such  areas  without  any  celkilar  infih  I'ation,  the  aortic  structure  was  Uttle 
i  distorted.  The  elastica  was  separated  and  the  muscle  fiber  was  not  healthy  be- 
j  cause  of  the  arteriosclerosis.  This  may  not  have  been  the  result  of  medial  edema 
I  with  weakening  of  the  w^all.  In  looking  further  down  into  the  descending  part 
j  and  thoracic  part  of  the  aorta,  the  picture  very  dramatically  changed.  We  saw 
marked  disfiguring  of  the  intimal  architecture  which  was  associated  with  multiple 
outpouchings.  One  pouch  was  about  a  centimeter  in  diameter  where  the  celiac 
,  axis  originated.  A  thrombus  was  located  above  the  celiac  axis.  Just  above  the 
I  bifurcation  of  the  aorta  into  the  iliac  arteries,  another  pouch  about  three  to  four 
!  centimeters  in  diameter  extended  anteriorly  and  somewhat  toward  the  left. 

Histologic  examination  of  the  aneurysm  associated  with  the  celiac  axis  showed 
.  some  elastica  still  preserved  and  some  broken.  We  found  medial  breakdcnvn, 
medial  necrosis,  and  finally  elastica  breakthrough  (Fig.  2).  It  meant  that  the 
changes  which  were  somewhat  discrete  and  just  suggestive  in  the  thoracic  portion 
'  in  the  arch  of  the  aorta  became  dramatic  with  destruction  of  the  elastica. 
Chromotropic  degeneration  which  characterizes  classical  medial  necrosis  and 
which  typically  occurs  more  in  the  upper  portion  of  the  aorta  was  absent  but  the 
elastica  had  broken  into  small  bits  and  gave  way,  producing  false  dissecting 
aneurysms  undermining  the  wall  of  the  aorta.  Actually,  they  were  not  quite 
dissecting  but  between  true  and  dissecting  aneurysms.  The  original  wall  of  the 
aoi-ta  formed  part  of  the  aneuiysmal  lumen  but  there  was  also  medial  destruc- 
tion and  undermining.  We  could  not  call  them  true  aneurysms  because  the 
original  wall  was  not  really  preserved  and  we  could  not  really  call  them  dissectng 
aneurysms.  In  the  broken-down  and  destroyed  wall,  fat  was  deposited  and  it 
was  free  of  elastica.  The  lowest  aneurysm  broke  through  the  posterior  wall  of 
the  abdominal  cavity  (I'ig.  3)  but  it  did  not  break  into  the  peritoneum,  although 
500  ml.  of  serous  fluid  was  found  in  the  peritoneum  at  the  time  of  death.  The 
I  earlier  back  pain  could  have  easily  been  explained  by  the  lesion.  The  severe  back 
pain  was  ended  by  the  profuse  hemorrhage  into  the  retroperitoneal  space  which 
extended  along  the  ureters  down  to  the  bladder  wall. 
The  etiology  of  the  aneurysm  was  the  next  question.  Tuberculous  nodes  were 
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Fig.  3.  Gross  picture  of  abdominal  aorta  showing  site  of  rupture  of  lowest  aneurysm  to 
the  right  and  another  saccular  but  intact  aneurysm  to  the  left. 

near  the  mptured  aneurysm  but  with  no  real  connection  between  the  two.  There 
were  multiple  aneurysms  with  infarcts,  especially  in  the  largest  one,  and  with 
some  periaortic  lymph  nodes  containing  tuberculosis  nearby,  but  they  did  not 
necessarily  reflect  the  etiology.  We  did  not  find  any  infiltration  in  the  areas  where 
breakdown  of  the  elastica  was  recognized.  I,  therefore,  do  not  think  it  was 
syphilitic.  Furthermore,  very  few  plasma  cells  were  in  the  exudate  in  the  wall 
of  any  of  the  aneurysms.  It  would  l)e  distinctly  peculiar  in  this  age  group  to  find 
a  syphilitic  aneurysm.  I  was  informed  before  the  conference  that  at  least  one 
seriologic  test  for  syphilis  was  performed  with  negative  results.  This  does  not 
necessarily  exclude  syphilis  becau.se  at  the  time  when  we  saw  syphilitic  aneurysms 
in  large  numbers,  serology  was  negative  in  thirty  per  cent.  We  found  extensive 
thickening  of  the  media  of  the  vasa  va.sorum  throughout  the  aneurysm  extending 
into  the  aorta.  I  think  possibly  this  con.striction  or  obstruction  of  the  arterial 
blood  flow  by  the  thickened  arterial  vessels  might  have  been  aggravated  by  the 
aneurysm  in  this  particular  situation.  In  the  part  of  the  aorta  with  only  edema- 
tous foci,  all  of  the  vessels  were  also  thick.  These  markedly  thick  vessels  inter- 
fered with  blood  supply,  probably  one  of  the  causes  of  the  aneurysm  formation. 

In  the  arteries  in  the  diaphragm,  excessive  hyperplasia  of  the  media  was  exten- 
sive, as  in  other  parts  of  the  body  such  as  in  the  submucosa  and  muscularis  of 
the  stomach.  These  vessels  exhibited  diffuse  muscular  hypertrophy  through  the 
entire  wall  associated  with  tremendous  media  thickening,  probably  the  end  result 
of  spasm.  The  elastica  was  not  constricted.  Nowhere  in  the  thickened  vessels 
was  the  elastica  altered. 

The  liver  appeared  normal  except  for  the  presence  of  the  arteriosclerotic 
changes.  The  spleen  was  slightly  enlarged  and  showed  severe  arterial  changes. 
The  adrenals  were  entirely  normal. 

The  last  organs  which  I  want  to  bring  to  your  attention  are  the  kidneys.  The 
left  and  right  kidneys  were  small,  weighing  80  grams  and  60  grams  respectively 
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Fig.  4.  Gross  picture  of  botli  kidneys,  the  paler  one  being  the  right  kidney  and  the 
smaller  darker  one  the  left. 

(Fig.  4).  Large  yt'How  irregular  scars  were  on  the  surface  and  also  reddi.sh  finer 
scars.  The  surface  of  the  smaller  left  kidney  was  fairly  smooth.  Histologically, 
the  architecture  was  moderately  disturbed.  Tremendous  thickening  of  the  arter- 
ies, especially  the  intima,  and  arteritis  involving  the  left  renal  arteries  were 
present.  There  was  some  arteriosclerosis  but  as  a  result  of  disturbance  of  the 
blood  flow.  There  was  also  some  interstitial  fibrosis.  The  glomeruli  were  small 
and  showed  some  sclerotic  changes  but  most  of  them  were  well  preserved.  Some 
glomeruli  were  fibrosed  (Fig.  5)  due  to  the  presence  of  a  somewhat  thickened 


Fig.  5.  <  )l)st  nK'tif)n  of  lumen  nl  ini  n  Idl  >iil,i  i  .nirries  of  left  kidne\'  by  intinial  prolifera- 
tion, the  internal  elastie  membrane  being  intact  (arrow)  (H  &  E  X  120). 
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Fig.  6.  Huiirlmif;  of  obliterai cil  nlniiicruli  and  perigloinei'iilar  scarring  in  Icl't  kidney 
(H  &  E  X  63). 

media  and  a  tremendously  thickened  intima  obliterating  the  lumens  of  the 
artery  branches  (Fig.  6).  These  marked  sclerotic  changes  gave  rise  to  some  scar- 
ring of  the  surface.  The  .somewhat  larger  riglit  kidney  had  many  bigger  scars 
than  the  left  kidney  which  had  only  small  scars.  As  we  looked  histologically  in 
the  right  kidney,  we  saw  an  entirely  different  picture.  There  was  very  marked 
distortion  of  the  architecture,  probaljly  with  some  compensatory  hypertrophy. 
There  was  interstitial  infiltration  and  fibrosis,  perirenal  fibrosis  and  large  glo- 
meruli with  fibrotic  changes.  The  glomeruli,  iii  general,  were  large  and  scarred 
but  the  arteries  were  free.  Peculiarly,  the  interlol)ular  arteries  were  severely 


Fig.  7.  Arteriolar  necro.sis  in  the  right  kidnev  with  intramural  hemorrhage  of  afferent 
artery  (arrow)  (FAS  X  240). 
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damaged  on  the  left  side  hut  (iii  I  lie  rif^ht  side  tliey  were  perfectly  iioi  iiial.  'i'here 
was  no  inflammatory  component  to  any  extent  in  this  kidney  but  there  were 
fatty  cells,  fibrosis  and  sclerosis.  We  saw  sclerosis  of  part  of  the  glomeruli.  The 
j2;l()nierular  poles  were  markedly  fibrosed.  This  represents  a  severe  and  typical 
arteriolar  necrosis  in  the  right  kidney  (Fig.  7).  It  not  only  involved  the  arterioles 
but  it  also  extended  around  the  glomeruli  and  tubules.  In  some  areas  it  even 
destroyed  some  of  the  tubules  because  of  the  disturbance  of  the  blood  supply. 
\\  as  there  any  reason  why  the  two  kidneys  were  different?  After  inspecting  the 
liioss  specimen  once  more,  we  saw  that  the  left  kidney  and  its  renal  artery  were 
entirely  normal.  However,  in  the  right  kidney,  the  renal  artery  came  from  an 
aneurysm. 

In  trying  to  correlate  the  findings,  we  must  rememlier  that  the  right  kidney 
was  \  isualized  and  the  left  one  was  not,  while  the  left  one  had  architectural 
changes  but  a  perfectly  normal  artery.  Now,  I  think  the  explanation  is  not  too 
difficult.  First  of  all,  the  generalized  lymph  node  tuberculosis  with  diffuse  scar- 
ring was  of  little  importance  in  the  case.  The  patient  had  essential  hypertension. 
The  essential  hypertension  in  view  of  the  age  of  the  patient  must  have  led  to  a 
diffuse  arterial  spasm  with  very  severe  muscular  hypertrophy  of  the  arterial 
walls.  This  led  to  edema  and  then  necrosis  of  the  media  of  the  aorta  and  to  de- 
struction of  the  elastica  which  led  to  multiple  aneurysm  formation.  This  prob- 
ably accounted  for  the  back  pain  and  possibly  to  the  eosinophilia  found  because 
of  tissue  destruction.  The  ankle  swelling  was  the  result  of  mechanical  factors; 
the  pressure  from  the  aneurysm  upon  the  vena  cava  inferior  contributed  to  the 
conditions  which  produced  the  ankle  swelling.  How  did  we  explain  the  peculiar 
renal  changes?  There  were  multiple  aortic  aneurysms  and  in  the  presence  of 
se\'ere  arteriosclerosis,  endarteritis  developed  in  the  left  kidney  because  it  was 
expcsed  to  the  high  blood  pressure  without  the  protecting  effect  of  the  aneurysm. 
The  aneurysm  on  the  right  side  reduced  the  pressure  effect  upon  the  right  kidney 
to  a  certain  degree.  Consequently,  severe  endarteritis  developed  in  the  left  kidney 
and  produced  the  changes  of  marked  hypertension.  Added  to  the  essential  hyper- 
tension was  the  Goldblatt  phenomenon  created  in  the  left  kidney  as  the  result 
of  endarteritis.  Under  the  influence  of  the  Goldblatt  phenomenon,  the  blood 
pressure  rose  to  astronomical  levels.  As  it  rose,  it  reached  levels  at  which  the 
protecting  effect  of  the  aneurysm  on  the  right  side  did  not  make  itself  felt  any- 
more. Malignant  nephrosclerosis  developed  in  the  right  kidney  because  the 
smaller  arterioles  were  no  longer  protected  by  the  endarteritis.  By  the  same  token 
the  left  kidney,  having  endarteritic  changes  involving  its  larger  arteries,  was 
protected  from  the  development  of  the  endarteritic  necrosis.  This  is  the  only 
explanation  whereby  I  can  explain  the  two  features — the  protecting  effect  of  the 
aneurysm  which  prevented  the  development  of  the  endarteritis  on  the  right  side 
and  produced  severe  early  damage  on  the  left  side.  Then,  when  the  blood  pres- 
sure rose  to  very  high  levels,  severe  arterionecrosis  and  complete  breakdown 
occurred  in  the  nonprotected  right  kidney. 

Anatomical  diagnosis:  Rupture  of  abdominal  aortic  aneurysm.  Multiple  aortic 
aneurysms.  Malignant  nephrosclerosis.  Hypertensive  cardiovascular  disease. 
Lymph  node  tuberculosis. 
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PREFACE] 


The  prohlt'iii  of  syslciuic  lupus  crvthcinatosus  has  held  the  iiilorest  of  the 
medical  staiT  of  The  Mount  Sinai  Hospital  for  llie  jiast  thirty  yeai's;  sinc(>  the 
days  when  Dr.  Emanuel  Lihman  was  Atlendiiifi;  Physician  to  the  iiislitution. 

Before  Kaposi's  orij^inal  descriplion  of  llie  disease  in  1872  as  a  serious,  acute, 
often  fatal  disease  entity,  lupus  erythematosus  had  l)een  regarded  merely  as  a 
persistent  hut  generally  innocuous  malady  of  the  skin.  Dermatologists  almost 
exclusively  were  concernetl  with  its  diagnosis  and  empirical  theiapy.  About 
the  turn  of  the  century  its  general  medical  implications  became  evident  to  cli- 
nicians. Various  internists  collaboi'ated  in  attempts  to  define  the  obscure  and 
puzzling  clinical  picture  of  the  disease.  The  manifestations  of  joint,  kidney  and 
serous  membrane  in\'ol\'emeiit  wei'e  clearly  described  and  associated  hematologic 
alterations  were  discovered  in  the  laboi-atory.  However,  specifically  characteristic 
pathologic-anatomic  and  histopathologic  lesions  first  became  known  through 
Libman  and  Sacks'  classical  paper  in  1924. 

Since  that  time  numerous  additional  microscopic  observations  were  made 
which  aided  in  clarifying  the  nature  of  the  disease.  These  observations  of  altered 
structure  of  organs  and  tissues  focused  attention  upon  the  obscure  pathogenesis 
of  the  condition.  The  discovery  of  the  lupus  erythematosus  cell  by  investigators 
at  the  Mayo  Clinic  coincided  with  the  first  cytochemical  analysis  of  the  hema- 
toxylin .stained  bodies  demonstrated  in  tissues  l)y  Dr.  Louis  Gross  in  our  labora- 
tory in  f9;52.  Subsetjuent  morphologic  studies  led  to  the  establi.shment  of  de- 
pendable diagnostic  criteria  of  systemic  lupus  erythematosus,  and  to  hypotheses 
regarding  the  chemical  mechanism  responsible  for  the  structural  changes  in  the 
blood  and  ti.ssue  cells.  Therapy  was  signihcantly  advanced  for  the  first  time  by 
the  di.scovery  of  the  corticoids.  More  recently,  the  disclosure  of  a  L.E.  factor 
in  the  serum  (;f  patients  attracted  the  attention  of  immunologists  and  their 
studies  have  given  new  leads  to  the  elucidation  of  the  problem  of  etiology. 

The  histfjry  of  systemic  lupus  erythematosus  illustrates  the  path  by  which 
progress  is  achie\'ed  in  medicine:  exact  ol)servations  made  at  the  bedside  and 
at  the  autopsy  table  led  to  research  by  means  of  the  rehned  methods  of  funda- 
mental l)iology. 

A  survey  of  the  present  state  of  our  scientific  knowledge  of  systemic  lupus 
erythematosus  seems  timely  and  we  have  therefore  inx  ited  a  number  of  com- 
petent investigators  to  cooperate  in  summarizing  current  information  on  the 
subject.  All  are  on  the  staff  of  The  Mount  Sinai  Hospital  or  hnvv  been  associated 
with  us  in  the  past. 

George  Baehr,  M.D. 
Paul  Klempeher,  M.D. 
Guest  Editors 
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SOME  OBSERVATIONS  ON  THE  PATHOLOGY  OF 
SYSTEMIC  LUPUS  ER^TH1<:MAT0SUS 


ABOU  1).  I'OT.LACK,  M.D. 

I'liil I i more ,  Mil. 

The  historical  de\el()pment  of  lupii.s  eiythematosu.s  as  a  systemic  disease 
has  been  critically  developed  by  Klempercr  (1).  In  his  brief  review  he  traced 
the  changing  conception  of  this  malady  from  that  of  a  cutaneous  disorder  to 
one  in  which  the  entire  organism  is  profoundly  disturbed.  This  is  now  abundantly 
clear.  It  is  also  clear  that,  in  any  disease  presenting  such  diverse  and  apparently 
luu'elaled  manifestations,  one  must  .search  for  a  catastrophe  at  a  very  basic 
level. 

It  is  traditional,  in  developing  a  comprehensive  concept  of  any  discrete  disease, 
to  explain  the  alterations  in  foi'm  and  function  on  a  single  pathogenetic  principle. 
I  am  not  sure  that  this  is  always  the  best  starting  point.  It  may  be  more  prof- 
itable to  a,ssume,  or  we  may  even  be  forced  to  assume,  that  the  many  mani- 
festations of  systemic  lupus  erythematosus*  reflect  one  or  more  derangements, 
as.sociated  or  not,  but  ahvays  interdependent.  One  is  impelled  to  make  an 
acoustical  analogy:  the  total  tone  characteristic  for  a  given  musical  instrument 
consists  not  only  of  a  fundamental  tone  but  also  of  harmonic  tones  heard  si- 
multaneously with  and  over  the  fundamental  tone.  Although  we  have  not  yet 
identified  the  "fundamental  tone"  in  systemic  lupus  erythematosus  it  is  perhaps 
po.ssible  to  sort  out  one  or  more  harmonics. 

It  is  not  the  purpose  of  this  paper  systematically  to  review  the  many  organ 
changes  apparent  in  systemic  lupus  erythematosus.  The  morphological  mani- 
festations have  been  fully  documented  in  a  number  of  papers  (2-5).  Before 
discussing  the  lesions  to  be  found  in  vS.L.E.  one  ought  to  re-emphasize  the 
disappointing  (and  puzzling)  paucity  of  anatomical  change  occasionally  found 
on  careful  post-mortem  examination  of  a  patient  dying  after  the  most  fulminating 
and  severe  clinical  course. 

The  pathologic  alterations  in  S.L.E.  seem  to  fall  into  three  groups.  The  lesions 
in  the  first  group  exemplify  the  "anatomical  symptoms"  of  a  widespread  dis- 
turbance within  the  connective  tissue  system.  The  second  group  of  lesions  re- 
flects injury  to  the  nuclei  of  cells  of  mesenchymal  origin,  especially  hematic 
cells,  and  perhaps  other  cells  as  well.  The  third  group  of  alterations,  granu- 
lomatous in  character,  follows  from  the  first  and  second  groups. 

THE  CONNECTIVE  TISSUE  LESIONS 

The  writer  and  his  co-authors  once  expressed  the  idea  that  the  morbid  an- 
atomical image  in  S.L.E.  was  a  reflection  of  extensive  damage  in  the  connective 

The  Departments  of  Pathology,  The  Baltimore  City  Ho.spitals  and  The  Johns  Hojikins 
University  School  of  Medicine,  Baltimore,  Md. 

*  This  recent  term  (and  its  rvibric,  S.L.E.)  .seems  more  appropriate  than  previous 
designations  such  as  acute  or  disseminated  lupus  erythematosus. 
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tissues  and  that  the  uiidci-lyiii";'  I'unot ioual  (list urhaiiee  I'cspoiisihlc  lor  these 
changes  was  not  evident  (5).  They  I'ui'ther  genei'ahzed  tliat  8.L.E.  could  be 
considered  in  common  with  a  number  of  other  conchtions  (scleroderma,  i-heu- 
niatic  fever,  rheumatoid  arthritis,  periarteritis  nodosa,  thromboangiitis  oblit- 
erans, and  serum  sickness)  as  "collagen  diseases"  only  in  so  far  as  all  presented 
\  isil)le  alterations  in  the  connective  tissue  system,  more  or  less  similar,  but  (!ach 
in  a  characteristic  pattern  (7).  The  expression  "collagen  disease"  was  devised 
as  one  of  convenience,  a  sort  of  shorthand  symbol  to  tlesignate  this  gi'oup.  Since 
its  original  use,  the  expression  has  been  corrupted  and  al)used  to  indicate  disease 
of  connective  tissue,  if  indeed,  there  be  such  a  thing.  To  others  the  term  has 
become  synonymous  with  the  various  syndromes  of  hypersensitivity.  To  still 
others,  "collagen  disease"  evokes  the  idea  of  a  single  nosological  entity  having 
several  manifestations,  e.g.,  S.L.E.,  rheumatoid  arthritis,  scleroderma,  etc. 
It  is  hoped  that  "collagen  disease"  will  be  considered  in  the  sense  of  its  original 
implication:  that  certain  disorders,  some  related,  some  not,  may  have  their 
morphologic  expression  in  alterations  of  the  connective  tissues  and  that  the 
latter  comprise  a  system  whose  functions  must  first  })e  defined  chemically  and 
physically  before  an  understanding  of  its  changes  becomes  possible.  The  ac- 
celerated pursuit  of  basic  information  regarding  this  most  important  system  in 
recent  years  has  been  most  gratifying.  If  "collagen  disease"  as  a  poor  or  even 
fallacious  generalization  has  served  no  other  purpose  than  again  to  call  attention 
to  the  connective  tissues  as  a  functional  system  (8),  it  will  have  served  well 
enough. 

Connective  tissue  consists  of  fibroblasts,  and  collagen,  reticulum  and  elastic 
fibers  imbedded  in  and  continuous  with  a  complex,  amorphous  "ground  sub- 
stance." Structural  changes  in  the  "collagen  diseases"  may  appear  in  some  or  all 
of  these  elements  in  variable  degree  and  in  different  quality.  One  of  the  most 
striking  changes  in  S.L.E.  is  so-called  fibrinoid  degeneration  of  the  connective 
tissues.  These  alterations  are  now  well  known  and  can  be  demonstrated  in  vari- 
able frequency  and  intensity  in  the  connective  tissue  of  the  heart  and  blood 
vessels,  kidneys,  serous  membranes  and  skin,  as  well  as  in  the  less  organized, 
dispersed,  connective  tis.sues  (Figs.  1,  2,  3,  7). 

Neumann  first  characterized  fibrinoid  degeneration  as  a  particular  kind  of 
change  in  connective  tissue  fibres  and  possibly  also  in  the  ground  substance: 
"dass  eine  mit  Aufciuellung  nnd  Homogenisierung  verbundene  chemische 
Veraenderung  der  Interzellularsubstanz  des  Bindegewebes  erfolgt,  welche  dieselbe 
einer  Faserstoff'masse  aehnlich  macht"  (9).  Wolpers,  employing  electron  micros- 
copy, would  have  us  believe  that  the  collagen  fibre  is  not  in  itself  altered  but 
merely  suffused  with  precipitated  tissue  fibrin  which  causes  the  individual 
fibrils  to  become  stuck  to  each  other  (10).  He  stressed  particularly  a  peculiar 
granular  change  in  the  surrounding  amorphous  gi'ound  substance.  These  dis- 
turbances were  noted  in  subcutaneous  rheumatic  nodules  and  in  the  experi- 
mental Arthus  phenomenon.  Rich  and  his  co-workers,  on  the  other  hand,  also 
having  applied  electi'on  microscopy  to  collagen  fibres  from  cutaneous  Arthus 
lesions,  would  urge  that  the  fibres  themselves  are  altered,  independently  of  Siwy 
change  in  the  surrounding  ground  substance  (11). 
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Fig.  1.  Splenic  capsule.  Conglomerate  of  pycnotic  nuclei  and  L.E.  bodies,  both  discrete 
and  eoale.scent  (hematoxylin  liodie.s),  interspersed  with  mas.ses  of  fibrinoid.  Xf65. 


Fic.  2.  iSpk'iiic  cai).-^iile.  Siiii'ace  mas.ses  of  til)riniii(l  and  coulcsrcnt  ]j.K.  l/(}dies  (hema- 
to.wlin  bodies);  organization.  Lesion  essentially  like  that  occurring  in  the  endocardium. 
X165. 
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Fig.  3.  Kidney.  Fusion  of  endovascular  and  pericapillarv  fibrinoid  masses.  Focal  loop 
necrosis  (left).  Adhesions.  Discrete  L.E.  bodies  in  glomerular  loo])s  (upper  right).  Fibrinoid 
suffused  with  material  of  L.E.  bodies  (lower  left).  X35(). 

Klemperer  and  Altshuler  and  Angcvine  insist  that  the  essence  of  fibrinoid 
consists,  topographically  at  least,  in  a  change  occurring  within  the  connective 
tissue  ground  substance  (12,  13).  If  we  assume  that  collagen  fibres  imbedded 
in  the  ground  substance  form  together  a  continuum,  the  difficulties  inherent 
in  assigning  a  particular  localization  of  this  alteration  fade  considerably.  It  is 
rcu.sonable,  in  the  face  of  observational  and  histochemical  evidence,  to  view 
fibrinoid  as  a  change  occurring  in  the  ground  substance  and  involving  the  col- 
lagen fibres  or  not. 

Having  accepted,  for  the  moment,  this  particular  localization  of  the  fibrinoid 
change,  how  shall  we  regard  it,  of  course,  in  the  mo.st  general  terms?  There 
seem  to  be  but  two  possible  views.  In  the  first  of  these,  as  expounded  by  Klemp- 
erer, fibrinoid  represents  a  particular  localization  of  abnormal  proteinic  material 
in  the  ground  substance  (14).  In  S.L.E.  this  is  thought  to  be  derived  from  products 
of  degraded  protein  which  are  either  precipitated  locally,  at  the  site  of  degrada- 
tion, or  transported  by  the  blood  stream,  diffusing  therefrom  into  the  surrounding 
milieu.  In  this  way  fibrinoid  might  be  found  at  any  depth  in  the  vascular  wall, 
in  the  pericapillary  basement  membrane  (wire-loops  of  glomeruli)  and  even 
within  capillary  loops  where  local  hemodynamic  disturbance  might  lead  to  intra- 
vascular concentration  and  precipitation  of  circulating  abnormal  material.  In 
this  way  too  has  Klemperer  explained  the  variable  "histochemical  appearance" 
of  fibrinoid  in  S.L.E.  by  assuming  more  or  less  co-precipitation  of  DNA  with  the 
fibrinoid  complex.  This  is,  therefore,  a  unique  kind  of  fibrinoid,  pathognomonic 
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for  S.L.E.  linnuiiiohistochemieal  manipulation  of  S.L.E.  fil)rin()id  reveals  that 
it  contains  gamma  globulin  (15,  16).  This  seems  reasonable  if  we  assume  that 
anti-DNA  or  anti-nuclear  immune  bodies  have  been  fixed  to  DNA  which  had 
previously  sufl'used  into  and  been  precipitated  in  the  specific  S.L.E.  fibrinoid. 
In  extension  of  his  argument,  Klemperer  would  presume  that  there  could  be 
different  varieties  of  fibrinoid,  each  possibly  specific  for  a  particular  morbid 
state  (and  each  awaiting  pathogenetic  characterization)  (12).  If  this  conception 
be  l)roadened  to  include  all  eosinophilic,  refractile,  non-fibrinous  material  al)- 
normally  precipitated  in  the  connective  tissue  ground  substance  then  we  might 
also  include  amyloid  as  another  special  kind  of  fibrinoid,  more  or  less  chemically 
discrete.  One  is  rather  loath  to  press  ratiocination  in  this  vein  and  looks  forward 
to  the  time  when  descriptive  terms  such  as  fibrinoid,  amyloid,  paraamyloid, 
and  hyalin  will,  in  the  further  course  of  experimental  and  chemical  analysis, 
have  become  superaimuated. 

The  essence  of  Klemperer's  conception  of  fibrinoid  is  that  it  represents  a 
substance  which  has  been  added  to  and  deposited  in  the  connective  tissue. 
On  the  other  hand,  Altshuler  and  Angevine  propose  the  second  of  the  two  pos- 
sible views  mentioned  above,  namely  that  fibrinoid  represents  a  local  alteration 
in  the  ground  sul)stance,  and  more  specifically,  that  acid  mucopolj'saccharide 
in  the  presence  of  locally  mobilized  basic  proteins  is  converted  into  fibrinoid. 

In  our  pre.sent  state  of  ignorance  it  is  not  begging  the  fiuestion  tentatively  to 
conclude  that  there  are  indeed  different  kinds  of  fibrinoid;  that  the  fibrinoid  of 
S.L.E.  is  quite  pathognomonic  in  that  it  often  contains  DNA  (12);  and  that 
although  fibrinoid  may  in  some  states  represent  material  brought  to  the  ground 
substance  and  precipitated  there,  it  may,  in  other  states,  be  produced  locally 
by  physical  and  chemical  alteration  of  some  moiety  of  the  ground  substance. 

Bearing  in  mind  these  provisional  tenets,  it  is  apparent  that  the  term  fibrinoid 
will  be  used  most  constructively  for  the  present  in  its  descriptive  sense  only, 
until  more  pathogenetic  sorting  out  in  clearly  defined  terms  has  taken  place. 
Also,  it  would  probably  serve  the  cause  of  confusion  less  if  we  were  not  to  identify 
this  already  complex  prol)lem  with  other  tissue  phenomena  of  similar  appearance 
and  even  similar  morphogenesis.  Thus,  the  variety  of  pulmonary  hyaline  mem- 
branes in  rheumatic  fever,  in  uremia,  in  paranatal  primary  atelecta.sis,  in  various 
I'cspiratory  infections — these  are  problems  in  their  own  right  whose  solution  is 
not  advanced  by  the  loose  application  of  the  term  fibrinoid,  even  in  its  descriptive 
sense.  Similarly,  even  should  it  be  confirmed  that  intracapillary  thrombi  oc- 
curring in  the  generalized  Shwarzman  phenomenon  do  indeed  represent  pre- 
cipitation of  partially  polymerized  fibrin  (17),  the  application  of  the  term  fibrinoid 
to  these  masses  might  inevitably  suggest  to  some  that  fibrin  is  an  essential  of 
all  fibrinoid.*  This  is  very  likely  not  true  (1.':!).  Although  arbitrary,  it  would  seem 
best  for  the  moment  to  reserve  "fibrinoid"  only  for  the  characteristic  change 
within  connective  tissue,  with  the  understanding  that  surface  or  endovascular 
ac'ciuuulations  of  this  group  of  substances  may  have  a  similar  pathogenesis. 

*  These  authors  ini])ly  that  while  fil)i-iiioi<l  is  derived  from  fil)riii,  the  i)artieuhir  fi!)rinoid 
precij)itated  in  their  experiments  contains  not  fibrin  but  a  fil)rin  like  material.  We  have 
happil}-  been  spared  fihrinoidoid! 
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THE  CELLULAR  CHANGES 

It  was  Gross  who  first  noted  a  peculiar  and  pathoffnomonic  cellular  alteration 
in  the  endocarditis  of  so-called  Lil)maii-Sacks  disease  (2),  now  recognized  as 
one  of  the  more  striking  organ  changes  sometimes  encountered  in  S.L.E.  lie 
described  "hematoxylin-stained  bodies"  and  believed  them  to  represent  "some- 
what pycnotic  and  karyorrhectic  nuclear  masses."  Eight  years  later  Ginzler  and 
I'ox  described  similar  bodies  within  areas  of  necrosis  in  lymph  nodes  and  in 
addition,  noted  degenerated  violaceous  nuclei  in  the  renal  glomeruli  of  a  young 
male  with  S.L.E.  (4).  Klempei'(>r,  Pollack,  and  Baehr  made  reference  to  and 
illustrated  peculiarly  degenerated  and  "bizarre"  nuclei  occurring  most  fre- 
quently in  association  with  fibrinoid  degeneration  of  connective  tissue  in  the 
heart,  blood  vessels,  serous  membranes,  and  glomeruli  (5).  None  of  these  authors 
fully  appreciated  the  full  significance  of  these  cellular  changes.  Nor  could  they 
have. 

The  discovery  of  the  "L.E.  cell"  by  Hargraves,  Richmond,  and  Morton  (18) 
marked  the  beginning  of  a  new  phase  in  the  slow  unravelling  of  the  pathogenesis 
of  S.L.E.  The  immediate  result  of  this  observation  was  the  realization  of  the 
relatively  greater  fre(iuency  of  this  disease  than  had  been  previously  appreciated. 
Furthermore,  the  accelerated  search  for  L.E.  cells  forcefully  revealed  the  many 
clinical  syndromes  under  which  S.L.E.  could  masquerade.  More  important, 
however,  has  been  the  development  of  an  appreciation  of  the  relationship  be- 
tween "L.E.  cells"  and  "hematoxylin  bodies."  We  are  indebted  to  Kleniperer 
and  his  co-workers  for  noting  the  configurational,  tinctorial,  and  histochemical 
similai-ity  between  "hematoxylin  bodies"  phagocytosed  by  histiocytes  or  poly- 
morphonuclear leucocytes  and  the  L.E.  cells  of  bone-marrow  aspirates  (19). 
There  now  seems  little  doul)t  that  these  two  structures  reflect  the  same  phenome- 
non, the  one  produced  in  vitro,  the  other  occurring  in  vivo.  It  would  seem  both 
correct  and  convenient  therefore  to  apply  a  single  nomenclature  to  the  several 
phases  of  this  phenomenon,  whether  seen  in  the  tissues  or  in  isolated  blood  or 
bone  mai'row  preparations.  L.E.  bodies  (naked,  swollen,  amphophilic,  leucocyte 
nuclei)  are  ecjuivalent  to  hematoxylin  bodies  (naked,  swollen,  amphophilic, 
mesenchymal  cell  nuclei) ;  L.E.  cells  represent  L.E.  bodies  ingested  by  leucocytes 
or  histiocytes. 

It  has  been  demonstrated  that  L.E.  bodies  are  extremely  frequent  in  the  tissues 
of  patients  with  S.L.E.  The  data  of  Klemperer  et  al.,  suggest  that  with  careful 
search  they  may  be  demonstrated  almost  inwai'iably  (19).  These  authors  found 
them  most  freciuently  in  renal  glomeruli  and  in  the  endocardium,  less  often  in 
many  other  sites:  serous  membranes,  synovia,  lymph  nodes,  spleen,  and  the  dis- 
persed connective  tissue. 

There  are  two  types  of  cellular  change.  In  the  most  striking  and  obvious,  naked 
nuclei  are  dispersed  in  large  masses  and  present  the  alterations  ordinarily  char- 
acterized as  pyknosis  or  kaiyorrhexis.  These  nuclei  are  small,  dense,  deeply 
basophilic,  and  appear  to  bi'cak  down  into  small  spherules  and  dust-like  debris. 
In  the  periphery  of  such  foci  one  may  find  occasional  nuclei  having  a  different 
appearance — swcjllen  and  translucent  rather  than  dense  and  opaque,  amphophilic 
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Fig.  4.  Kidney.  Tubule  at  left  contains  two  L.E.  bodies  adherent  to  a  desquamated 
epithelial  cell.  Tubule  at  right  contains  an  L.E.  cell.  X700. 


rather  than  basophilic.  These  altered  nuclei,  \-iolaceons  in  hematoxylin  and 
eosin  preparations,  can  he  eqtiated  witli  the  L.E.  l)odies  of  hone-marrow  aspirate 
or  l)lood  pi'eparations.  When  phagocytosed  by  leucocytes  in  the  tissues  they  are 
indistinguishahle  from  L.E.  cells.  The  tissue  L.E.  bodies  are  most  often  found 
as  isolated  forms  in  the  endocardium,  in  blood  vessels,  in  the  skin,  in  renal 
glomeruli  (Fig.  3),  and  in  serous  mcmbi-aiies,  luiassociated  with  masses  of  pyc- 
notic  nuclei  as  described  above,  ^^'ll('ll  L.K.  bodies  occur  in  large,  coalescent 
masses  they  constitute  the  hematoxylin  liodies  of  Gross,  pictiu'ed  by  him  in  the 
endocardium.  They  can  occur,  however,  in  other  loci — e.g.  in  serous  membranes 
(Figs.  1  and  2).  The  older  L.E.  bodies  lose  their  Feulgen  stainability  and  gain 
PAS  reactiA'ity  (20).  It  has  been  suggested  by  Klemperer  that  S.L.E.  fibrinoid 
represents  aggregated  L.E.  bodies  depleted  of  DXA  (1).  It  is  also  possiV)le,  how- 
ever, that  DXA,  leaching  out  of  older  L.E.  bodies  into  the  suiroiuiding  milieu 
of  ground  substance  adds  S.L.E.  specificity  to  locally  precipitated  fil)rin()id.  It 
is  of  interest  that  L.E.  bodies  and  L.E.  cells  formed  in  glomerular  loops  (either 
from  fixed  cells  or  from  leucocytes)  can  be  washed  into  the  lower  nephron  (Fig.  4). 
Presumably  they  should  Ix'  found  in  a  concentrated  urinary  sediment,  offering 
an  additional  aid  to  clinical  diagnosis. 

The  L.E.  phenomenon — i.e.,  the  development  of  L.E.  bodies,  has  not  been 
described  in  any  })ut  mesenchymal  cells  (19).  The  writer,  several  times  believing 
he  saw  the  L.E.  transformation  in  renal  tubular  epithelial  cells,  could  not  ex- 
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Fig.  5.  Paiicrciis ;  islet  of  l,,iiif;i'i  li,'uis.  L.l^.  trausformution  of  nuclei — probably  epithe- 
lial. Capillary  dilatati(jii  and  liemorrhage.  Fibrinoid  masses  on  right.  X350. 


elude  the  possibility  that  these  were  L.E.  bodies  shed  from  glomerular  loops. 
In  a  recently  studied  case  of  S.L.E.,  however,  he  found  L.E.  transformation  of 
cells  in  the  islets  of  Langerhans  which  appeared  to  be  epithelial  (Fig.  5).  Many 
of  the  pancreatic  islets  showed  occlusion  of  capillary  loops  by  fibrinoid  masses 
identical  with  those  found  in  the  renal  glomeruli.  This  led  to  dilatation,  engorge- 
ment and  rupture  of  capillaries,  and  even  to  infarction  of  whole  islets.  These 
observations  suggest  that  given  a  suitable  concatenation  of  cell  damage  and 
local  hemodynamic  disturbance  leading  to  concentration  of  antinuclear  immune 
bodies  (see  below),  any  cell  may  suffer  L.E.  transformation.  It  is  noted  in  this 
connection  that  complement  fixation  of  specific  L.E.  gamma  globulin  can  be 
carried  out  with  a  range  of  heterologous  and  unrelated  cells  (21). 

Until  recently  it  had  been  urged  by  Klemperer  and  his  co-workers  that  the 
L.E.  body,  whether  in  tissues  or  in  in  vitro  blood  preparations,  was  produced 
by  the  depolymei-ization  of  DNA  in  the  nuclei  of  mesenchymal  cells.  The  studies 
of  Kurnick  et  al.,  suggested  that  the  serum  of  patients  with  S.L.E.  contained  a 
factor  which  served  as  the  inactivator  of  intracellular  DNAase  inhibitor  (22). 
It  is  interesting  that  even  during  the  period  of  preoccupation  with  the  idea  of 
depolymerization  of  DNA,  it  was  noted  that  the  Feulgen-positive  L.E.  bodies 
also  exhibited  increased  pyroninophilia.  This  presaged  the  next  steps  in  our  under- 
standing of  the  L.E.  phenomenon  when  vital  data  was  forthcoming  from  two 
directions — chemical  and  immunological. 

Godman  and  his  co-workers  showed  in  a  series  of  brilliant,  systematic,  cyto- 
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cheniic.-il  studies  of  the  L.p].  phenomenon  that  (lepolymerization  of  DXA  is  not 
th(>  basis  lor  the  peculiar  appearance  of  altered  nuclei  in  S.L.E.  (23-25).  They 
postulated  that  protein,  not  normally  found  in  nuclei,  enters  the  latter,  displaces 
histone,  and  combines  with  DNA.  Reduction  in  methyl  green  complexing  by 
DNA  in  the  L.E.  body  is  more  apparent  than  real  since  stainable  anionic  sites 
are  either  preempted  or  masked  by  competing  non-nuclear,  inflowing  protein. 
Destruction  of  basic  groups  in  the  latter  by  acetylation  frees  the  dye  binding 
sites  and  reveals  undiminished,  fully  polymerized  DNA. 

At  the  same  time,  it  was  suggested  by  immiuio-histochemical  techniques  that 
gamma  globulin  was  fixed  in  phagocytosed  L.E.  l)odies  (26).  From  here  it  was  a 
short  but  I'ational  step  to  the  assumption  that  the  "L.E.  factor"  in  abnormal 
serum  is,  in  fact,  an  antilwxly,  capable  of  being  specifically  complexed  to  nuclear 
material.  Employing  orthodox  cornplenient-lixation  and  abstjrption  methodology 
Hol)l)ins  et  al.,  found  that  when  sera  from  patients  with  S.L.E.  exhibited  the  L.E. 
phenomenon  they  often  reacted  in  vitro  with  homologous  and  heterologous  nuclei 
and  with  various  DNAs  in  accordance  with  the  generally  accepted  criteria  of 
antigen-antibody  reaction  (21).  Although  more  proof  of  this  interpretation  is 
re(iuired,  the  evidence  is  strongly  suggestive  that  the  L.E.  phenomenon,  whether 
in  vivo  or  in  vitro,  indicates  "specific"  complexing  of  nuclear  material  with 
immune  serum  protein  in  the  sense  of  antigen-antibody  interaction.  The  present 
writer  has  several  times  observed  a  remarkable  dissociation  between  the  clinical 
L.E.  test  and  the  post-mortem  demonstration  of  L.E.  bodies.  In  these  instances 
the  L.E.  test  was  repeatedly  negative  when,  at  the  time  of  death,  an  extra- 
oi-dinary  degree  of  L.E.  body  formation  was  observed  in  the  tissues.  This  ap- 
parent paradox  can  probably  be  explained  by  assuming  that  massive  intravital 
nuclear  fixation  of  circulating  antibody  left  little  or  none  available  for  in-vitro 
demonstration. 

It  is  incumbent  on  us  to  reconcile  the  inununologic  explanation  of  the  L.E. 
phenomenon  with  the  observed  anatomical  changes.  If  for  the  moment,  we  limit 
ourselves  to  a  consideration  of  the  cellular  alterations  only,  we  find  no  precedent 
in  general  pathology  for  a  phenomenon  similar  to  the  L.E.  body  in  form  and 
genesis.  It  is,  indeed,  this  very  uniqueness  which  stretches  credibility.  One  hope- 
fully searches  the  considerable  literature  of  transplantation  immunity.  The 
rejection  of  homografts  seems  fairly  well  founded  in  antibody  I'esponse  to  anti- 
genic material  identified  or  associated  with  desoxyribonucleoproteins  in  the 
engrafted  tissues  (27).  There  has  been  no  description  in  rejected  homografts 
of  any  cellulai-  change  compai'able  to  the  L.E.  body.  It  is  of  course  possible  that 
such  alterations  have  been  overlooked.* 

THE  GRANULOMATOUS  MANIFEST.\TIONS 

In  1945  Teilum  described  two  fatal  cases  of  systemic  lupus  erythematosus 
in  which  he  found  epithelioid  cell  granulomas  and  nodular  necrosis  in  serous 
membranes,  lungs,  and  lymph  nodes  (28,  29).  These  changes  were  very  minute, 

*  How  often  must  we  ruefully  ol)serve  with  Goethe,  "man  .sieht  nur,  was  man  weiss."' 
Many  pairs  of  eyes  had  scanned  L.E.  bodies  in  tissues  many  thousands  of  times  without 
arrest  until  the  discovery  of  the  L.E.  phenomenon  invited  a  more  searching  and  imaginative 
reexamination. 
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P'iG.  6.  Splenio  capsule.  Epithelioid  and  giant  eell  granuldiiia,  with  central  coalescent 
L.E.  bodies  and  filiiiiioi<l.  X350. 


1h<)ii}i;li  j^rossly  visible,  and  consislcd  of  foci  of  "lilM'iiioid  necrosis"  sun'otiiided 
l)y  large,  pale,  epithelioid  cells  without  caseation,  and  without  eosinophiles. 
He  believed  these  lesions  to  be  not  only  characteristic  but  also  indicative  of  the 
allergic  nature  of  lupus  erythematosus.  He  also  pointed  out  that  they  had  not 
been  singled  out  by  previous  students  of  the  disease.  And  for  good  reason — for 
this  particular  tissue  expression  is  most  unusual  in  S.L.E.  It  may  be  however, 
despite  its  rarity,  a  significant  stigma  of  hypersensitivity.  The  Avriter  has  ob- 
served such  lesions  in  serous  membranes  and  their  connective  tissue  adhesions 
(Figs.  6,  7),  and  in  the  mediastinal  and  esophageal  coiuiective  tissues  (Figs.  S, 
9,  10)  in  S.L.E.  They  consist  of  histiocyte-epithelioid  cell  nodules,  with  or 
without  giant  cells,  which  may  or  may  not  enclose  masses  of  libiinoid,  occa- 
sionally compounded  with  coalescent  L.E.  bodies  (Figs.  G,  9). 

Save  for  the  little  understood  granulf)ma  of  Boeck's  sarcoid,  tuberculoid  lesions 
generally  appear  as  a  h^cal  tissue  reaction  to  toxic,  or  infectious,  or  foreign 
material.  Although  tuberculoid  lesions  of  one  configuration  or  another  have 
been  noted  in  hypersensitivity  in  man  (;^0,  '.U)  and  in  experimental  serum  sick- 
ness (32,  33),  there  is  no  evidence  that  such  lesions  are  in  themselves  a  primary 
expression  of  hypersensitivity.  Lideed,  it  is  (|uestionable  if  even  the  tubercle  of 
tuberculosis  is  an  allergic  lesion  (34).  It  appears  to  the  present  writer  that  tu- 
berculoid lesions  present  themselves  in  hypersensitivity  only  when  antigen- 
antibody  interaction  culminates  in  precipitation  of  large,  insoluble  aggregates 
which  may  also  include  the  degraded  products  of  concomitant  local  tissue  destruc- 
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Fig.  7.  Splenic  ciipsule.  Nuduhir  gnuiuluma  with  ghnii  cells,  suine  of  Laiighans  type. 
Fibrinoid  strand  (left,  center)  with  basophilic  cast.  Fragmented  L.E.  bodies  (upper  center). 
Resemblance  to  foreign  body  reaction.  X.350. 


Fig.  8.  Esophagus.  Tuberculoid,  histiocyte-epithelioid  cell  granuloma  in  adventitia  of 
esophagus.  X165. 
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Fig.  9.  Jisophngus.  Histiofvte-epithelioid  cell  reaction  to  coalescent  L.E.  bodies  and 
fibrinoid.  X350 


Fig.  10.  MsophagiLS,  interstitiul  tissue.  Tuberculoid,  epi(  helioid-Kiant  cell  nodule 
showing  traces  of  L.E.  substance  in  center.  X165. 
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t  ioii.  Such  cougloiuerates  may  tlius,  because  of  their  unnatui'al  phj'sical  or  chemi- 
cal constitution,  provoke  a  foreign  body  response — i.e.,  a  tuberculoid  reaction. 
There  are  some  indications  that  the  nature  of  the  local  i-esponse  to  antigen- 
antibody  interaction  is  conditioned  by  the  size  and  complexity  of  the  pi'ecipitated 
aggregates  in  passive  serum  sickness  (35).  There  are  other  observations  which 
suggest  that  fixation  of  complement  during  certain  antigen-antibody  inter- 
actions results  in  the  activation  of  ferments  from  proenzyme  complement  frac- 
tions (36).  If  such  observations  can  be  confirmed  and  extended,  a  rational 
mechanism  for  the  development  of  such  tissue  changes  as  "fibrinoid  necrosis" 
may  be  elucidated. 

CONCLUSION 

At  the  time  of  the  discovery  of  the  L.E.  phenomenon  ten  years  ago,  the 
constellation  of  structural  changes  in  S.L.E.  had  already  been  fairly  well  cir- 
cumscribed and  a  clinico-anatomical  entity  well  established.  Despite  a  mass  of 
accumulated  information,  no  reasonable  clue  to  the  pathogenesis  of  this  malady 
presented  itself.  It  was  persistently  urged  in  some  quarters,  however,  that 
S.L.E.  was  a  disease  of  hypersensitivity.  This  was  based  particularly  on  the 
frequent  occurrence  of  so-called  fibrinoid  degeneration  in  the  connective  tissues, 
a  supposed  pathognomonic  stigma  of  allergic  inflammation.  There  is  not  yet 
any  incontrovertible  evidence  that  S.L.E.  is  initiated  by  hypersensitivity.  There 
is,  however,  a  rapidly  growing  body  of  fact  which  would  seem  to  indicate  that 
whatever  the  iniknown  primary  derangement  in  S.L.E.,  the  major,  overt, 
sti'uctural  manifestations  are  secondary  and  based  on  antigen-antibody  inter- 
action. 

Reference  has  already  been  made  to  the  occasional  finding  of  rather  massive 
destruction  of  cells  in  many  tissues,  particularly  serous  membranes,  lymph 
nodes,  and  spleen,  in  which  individual  nuclei  present  the  conventional  aspect 
of  karyorrhexis  rather  than  the  L.E.  alteration.  The  pathogenesis  of  these 
changes  is  not  apparent.  Whatever  the  cause,  be  it  enzyme  or  metabolic  dis- 
turbance, or  infection  (37)  it  is  not  inconceivable  that  these  nuclear  changes 
reflect  a  pool  of  uniciue  antigenic  material  with  complex  haptenic  groups  (in- 
cluding DNA  and  other  nuclear  substances)  available  for  autosensitization. 

I  would  beg  forgiveness  for  interpolating  here  another  speculation:  that  the 
patient  with  S.L.E.  has  somehow  become  host  to  a  heterophile  system  whose 
antibody  has  an  unfortunate,  fortuitous  affinity  for  his  own  nuclear  material. 

These  lucubrations  are  consonant  with  the  ideas  expressed  by  Miescher  and 
Vorlaender  who  consider  S.L.E.  a  disease  of  unknown  cause  (38).  They  do  not 
regard  it  as  an  allergic  disease  proper.  Nevertheless,  certain  manifestations 
appear,  having  the  nature  of  autosensitization,  in  which  antinuclear  immune 
bodies  interact  with  the  nuclei  not  only  of  leukocytes  but  also  of  other  cells, 
giving  rise  to  the  L.E.  bodies  in  blood  and  to  hematoxylin  bodies  in  tissues. 
As  the  primary  cause  of  the  disease  is  obscure,  so  also  is  the  mechanism  of  sensi- 
tization. 

It  is  ob\-ious  that  one  of  the  most  immediate  tasks  in  our  understanding  of 


Plate  I 

A.  Kidney.  Lower  left  portion  of  gloiniTulus  shown  in  Kij;.  3.  Discrete  and  fragmented 
L.E.  bodies  against  a  background  of  eiidovasciilar  a,iiil  |)iTicai)illa.ry  lihriiioid  masses.  I^at- 
ter  is  suffused  by  the  stuff  of  the  L.E.  l>odies.  The  L.l*;  bodies  are  am])hoi)hilie  or  violaceous 
in  contrast  to  the  distinctive  basophilia  of  ueighl)()riiig  intact  nuclei.  H  and  E. 

B.  Kidney.  Portion  shown  in  Fig.  4.  Lumen  of  convoluted  tubule  contains  a  phagocy- 
tosed  L.E.  body.  The  latter  is  eharacteristicall\'  violaceous  and  smudgy,  identical  in  ap- 
pearance with  //(  !77/o-])repared  L.K.  cells.  H  and  E. 

C.  Pancreas  Islet  of  Langerhans  as  in  Fig.  5.  Cells  showing  the  L.E.  transformation 
are  probabl\-  epithelial.  H  and  E. 

D.  Skeletal  muscle.  Intermuscular  cnnnect  i  ve  tissue  septum  shows  coalescing,  frag- 
mented L.E.  bodies  (hematoxylin  bodies)  with  histiocytic  and  e|iithelioid  cell  reaction 
similar  to  lesion  de|iicted  in  Fk;.  9.  H  and  E. 
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S.I..I'>.  is  ;i  scnrch  lur  and  cliaiaclcrizal  idii  of  Ihc  aiili.ticii  rc^poiisihlc  lor  tlie 
iininiinc  i)liasc  of  this  disease. 
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THE  NATURE  AND  PATHOGENETIC  SIGNIFICANCr:  Ol'  THI'] 
CELL  PHENOMENON  OF  SYSTIOMIC  LUPL'S 
ERYTHEMATOSUS 


GABRIEL  C.  GODMAN,  M.D. 
New  York,  N.  Y. 

INTRODUCTION 

Many  detailed  descriptions  of  the  L.E.  cell  ;uk1  numerous  accounts  of  its 
diagnostic  significance  in  systemic  lupus  erythematosus  ha\'e  been  published 
since  its  discovery  by  Hargraves  et  al.,  (1).  It  soon  became  obvious  that  the 
hematoxylin  stained  bodies  of  the  tissues  first  depicted  by  Gross  (2)  and  Ginzler 
and  Fox  (3)  as  material  of  nuclear  origin  were  entirely  analogous  to  the  L.E. 
bodies  found  in  vitro.  These  anatomic  observations,  which  drew  attention  to  a 
reaction  centered  in  the  nucleus,  have  formed  the  basis  for  most  of  the  subset[uent 
research  into  the  pathogenesis  of  systemic  lupus.  The  early  characterization  by 
Haserick  et  al.,  (4)  of  a  factor  in  the  serum  of  patients  with  systemic  lupus  capable 
of  provoking  the  L.E.  phenomenon  in  susceptible  cells,  and  the  anatomical  and 
histochemical  analyses  of  the  hematoxylin  bodies  in  this  disease  by  Klemperer 
and  his  associates  (5,  6)  gave  the  prospect  of  new  insight  into  the  nature  of  this 
hitherto  obscure  disease. 

These  earlier  histochemical  analyses  of  the  composition  of  the  lupus  body, 
and  therefore  hypotheses  which  depended  on  them,  were  based  in  large  part 
upon  histochemical  dye-binding  methods  whose  interpretation  has  since  been 
found  more  complicated  than  was  assumed  in  1950.  The  L.E.  bodies  as  well  as 
other  tissue  lesions  in  lupus  have  been  re-examined  using  these  and  other  histo- 
chemical techniques,  and  the  process  of  their  formation  more  closely  observed, 
with  consecjuent  revisions  of  many  of  our  ideas.  Presently,  new  insights  are  being 
gained  in  several  laboratories  from  immunological  and  chemical  study  of  the  L.E. 
serum  factor  and  its  interaction  in  vitro  with  various  cellular  constituents.  It 
is  therefore  timely  to  review  our  knowledge  concerning  the  origin,  development 
and  composition  of  the  L.E.  body  as  a  key  to  pathogenesis  in  systemic  lupus 
erythematosus. 

MORPHOGENESIS  OF  THE  L.E.  BODY  AND  L.E.  CELL 

It  is  now  generally  held  that  the  nuclei  of  both  mature  granulocytes  and 
lymphocytes,  normal  or  leukemic  (7-9),  as  well  as  the  cells  of  other  tissues  (10) 
can  undergo  the  peculiar  alteration  characteristic  of  the  L.E.  body.  The  cells 
of  other  mammalian  species  are  also  susceptible  to  this  change  (11-13).  The 
appearance  of  the  typical  L.E.  cell  in  conventional  preparations,  its  morphologi- 
cal differentiation  from  other  bodies  of  somewhat  similar  form,  and  the  condi- 
tions for  obtaining  these  cells  for  diagnostic  use  have  been  documented  in  an 
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ample  literature,  and  are  dealt  with  elsewhere.  Of  interest  in  the  present  context, 
and  ancillary  to  an  understanding  of  their  chemical  composition  is  an  accurate 
account  of  the  morphological  changes  which  formation  of  the  L.E.  cell  invoh'es, 
and  the  time  sequences  in  which  they  occur. 

In  the  presence  of  the  L.E.  factor  of  the  serum,  nuclei  of  susceptible  cells  of 
i.s()lated  nuclei  (14)  or  certain  deoxyribonucleoprotein  preparations  (15)  first 
undergo  a  peculiar  and  characteristic  alteration,  and  these  are  subsequently  en- 
gulfed by  active  phagocytes,  almost  always  polymorphonuclear  leukocytes,  if 
the  latter  ai"e  present.  This  two-stage  sequence  was  observed  by  Rebuck  and 
Berman  (16)  in  a  consecutive  study  of  the  cells  on  coverslip  windows  applied, 
with  L.E.  serum,  to  the  abraded  skin  of  normal  human  subjects,  and  has  been 
described  in  supravital  preparations  by  Rohn  and  Bond  (17-19).  These  authors, 
using  supravital  stains  to  assist  light  microscopy,  observed  that  the  affected 
nuclei  of  mature  polymorphonuclear  leukocytes  first  showed  swelling  and  then 
dissolution  of  the  chromatin  pattern,  with  conversion  of  the  nucleus  to  an  amor- 
phous mass  within  the  original  cytoplasmic  envelope.  They  noted  that  phago- 
cytosis did  not  occur  until  this  surrounding  cytoplasm  was  at  least  partially 
dissolved.  In  excellent  cinematomicrographs  recorded  through  the  ph^e  micro- 
scope by  Robineaux  (8,  20,  21),  the  L.E.  phenomenon  was  studied  m  greater 
detail.  The  nuclear  change,  which  sometimes  affected  only  one  lobe,  was  char- 
acterized by  loss  of  the  chromatin  pattern  usually  within  an  intact  membrane; 
this  was  usually  accompanied  by  isolation  of  the  surrounding  cytoplasm.  Rifkind 
and  Godman  (9)  following  the  sequence  of  events  in  the  same  cells  during  the 
L.E.  phenomenon,  with  particular  reference  to  its  primary  phase,  found  that 
within  5  to  15  seconds  of  the  addition  of  L.E.  serum  to  susceptible  substrate 
polymorphonuclear  leukocytes,  a  sudden  uniform  loss  of  their  chromatin  pattern 
(homogenization)  of  the  nuclei  occurred,  followed  at  once  by  marked  swelling 
and  increased  density  and  often  at  least  partial  extrusion  of  the  swollen  lobes 
from  the  cytoplasm  (Figs.  1-4).  The  nuclear  membrane  remained  intact;  in  the 
material  of  these  observations  the  swollen  nuclear  lobes  maintained  their  identity, 
each  tending  to  form  an  L.E.  body  (Fig.  4),  although  it  has  been  noted 
by  Robineaux,  that  fusion  of  the  altered  nuclear  substance  into  a  large  amorphous 
mass  sometimes  took  place  in  his  specimens.  Lymphocyte  nuclei  underwent 
similar  changes  following  exposure  to  L.E.  serum  (Figs.  5-10),  although  more 
slowly.  The  surrounding  cytoplasm  in  all  cases  was  passively  displaced  by  the 
altered  expanding  nucleus  or  L.E.  body,  and  took  no  visible  part  in  and  made 
no  contribution  to  the  formation  of  the  L.E.  body;  the  phenomenon  appeared 
to  concern  only  the  nucleus. 

Phagocytosis  of  the  L.E.  body  can  occur  only  after  some  of  the  altered  nuclear 
material  is  presented  to  the  active  phagocytic  cell  at  least  partly  free  from  its 
surrounding  cytoplasmic  envelope  (8,  19),  whether  through  extrusion  of  lobes 
as  pictured  by  Rifkind  and  Godman  (Fig.  4),  or  lysis  of  the  cytoplasm.  The  ma- 
terial of  the  L.E.  bodies  is  strongly  chemotactic  for  polymorphonuclear  leuko- 
cytes. The  photographs  of  Robineaux  et  al.,  (8)  show  clearly  that  the  phagocyte 
ingests  the  altered  nuclear  material  alone,  and  not  the  residual  cytoplasm.  It 
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Fi(:s.  1  to  10  represent  phases  of  the  L.E.  phenomenon  mnde  with  the  techniciue  of  Davis 
and  l>is('iistein  (26).  All  ;ire  phase  contrast  photographs  made  at  a  magnification  of  X1500. 

1.  Polymorphonuclear  leukocytes  at  the  instant  of  addition  of  L.E.  serum  showing 
normal  nuclear  and  cytoijlasmic  structure. 

Fig.  2.  Same  field;  5  seconds  after  addition  of  L.E.  serum.  Nuclear  homogenization  and 
early  nuclear  swelling  have  occurred. 

Fig.  3.  Same  field;  20  seconds  after  addition  of  L.E.  serum.  Further  nticlear  swelling  with 
extrusion  of  nuclear  lobes  from  cells  at  lower  left  and  low^er  right,  forming  LE  l)odies. 

Fig.  4.  Same  field;  2  minutes  after  addition  of  L.E.  serum.  Further  swelling  and  extrusion 
of  LE  bodies.  The  cell  at  the  lower  right  hand  corner  has  lost  its  L.E  body  and  remains 
as  a  cytoplasmic  remnant  of  the  original  cell 

Fig.  5.  Lymphocytes  in  a  control  dried  buffy  coat  preparation  incubated  with  normal 
serum  for  20  minutes.  Lower  left  inset  is  a  normal  freshly  isolated  lymi)hocyte. 

Figs.  6  to  9.  L.E.  body  formation  in  lymphocytes  of  a  Davis  preparation  after  5  seconds, 
1  minute,  and  3  minutes  inculcation  with  L.l'].  serum.  There  is  progressive  loss  of  nuclear 
structure  and  formation  of  a  homogeneous  body  with  a  thin  cytoplasmic  rim. 

Fig.  10.  Large  lymphocyte-derived  L.E.  body  after  10  minutes  incubation  in  L.E.  serum. 
Fine  cytoplasmic  tags  are  seen  at  lower  left  of  L.E.  l)ody.  Two  unaltered  lymphocytes 
are  in  the  field. 
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lias  IxHMi  coiniiKMitcd  upon  (4,  ())  that  tho  L.K.  tran.sfomiation  in  vitro  may  take 
place  within  .some  minutes,  indeed  the  very  great  rapidity  with  which  the  nuclear 
changes  can  occur  under  the  influence  of  the  L.E.  factor  is  noteworthy:  once 
initiated,  the  whole  transformation  of  the  polymorphic  nucleus  to  the  completed 
L.E.  body  may  recjuire  no  longer  than  30  to  60  seconds  (9). 

It  has  usually  been  considered  necessary  to  injure  or  alter  in  some  way  cells 
intended  as  substrate  for  the  action  of  L.E.  factor  in  order  to  produce  good  yields 
of  L.E.  cells.  Most  of  the  different  procedures  devised  for  improved  clinical  diag- 
nostic tests  have  had  as  their  basis  various  methods  of  effecting  such  injury, 
e.g.,  clotting  (22,  23),  rotating  with  glass  beads  (24),  drying  (25,  26).  Robineaux 
et  al.,  (8,  21)  however,  have  reported  the  successful  use  of  living  leukocytes  washed 
with  a  physiological  saline  solution  as  substrate  cells  for  the  L.E.  transformation. 
While  the  mere  withdrawal  of  blood  into  glass  vessels  or  the  anoxia  prevailing 
in  coverslip  chambers,  might  in  itself  be  thought  to  effect  a  minimal  injury  to 
some  leukocytes,  the  reported  L.E.  transformation  of  the  nuclei  of  presumably 
A'iable  cells  is  of  considerable  interest,  both  in  its  implications  for  the  in  vivo 
formation  of  such  bodies  in  lupus,  and  in  posing  the  problem  of  how  the  active 
gamma  globulin  factor  might  gain  access  to  the  living  nucleus. 

In  permitting  detailed  visualization  of  the  entire  sequence  of  the  L.E.  phe- 
nomenon, the  stages  of  which  could  be  compared  with  the  appearance  of  stained 
preparations,  phase  microscopy  has  provided  valuable  information.  However, 
it  remains  useful  chiefly  as  a  modality  for  investigating  the  cellular  phenomena 
themselves  and  offers  no  apparent  advantage  over  conventional  L.E.  prepara- 
tions for  more  routine  diagnostic  purposes.  Phase  microscopy  alone  has  been 
applied  by  some  (21,  27)  where  the  more  easily  observed  stained  preparations 
would  have  afforded  more  readily  interpretable  information. 

COMPOSITION    OF    L.E.    AND    HEM.\TOXYLIN  BODIES 

Some  observers  of  the  L.E.  phenomenon  have  referred  to  the  nuclear  changes 
as  a  "lysis"  (16-18,  8,  20),  a  visual  impression  which  was  consonant  with  our 
previously  held  conception  of  the  chemical  nature  of  the  L.E.  bodies.  The  hema- 
toxylin bodies  were  known  to  have  originated  from  cell  nuclei  soon  after  their 
discovery  (1,  2)  and  the  finding  that  they,  and  L.E.  bodies,  contained  deoxy- 
ribonucleic acid  (DNA)  was  confirmed  by  ultraviolet  absorption  and  the  Feulgen 
reaction  in  the  histochemical  analyses  reported  in  1950  by  Klemperer  and  co- 
workers (5,  6).  These  investigations  depended  on  measurement  of  the  manner 
in  which  the  DNA  of  the  hematoxylin  bodies  bound  the  basic  dye  methyl  green, 
which,  under  certain  conditions  can  bind  selectively  and  stoichiometrically  to 
DNA  (28-38). 

In  the  experiments  of  Kurnick  (30)  and  Kurnick  and  Mirsky  (31)  on  DNA 
samples  in  vitro  it  was  shown  that  depolymerization  of  the  DNA  reduced  its 
affinity  for  methyl  green.  On  this  basis,  because  of  the  reduced  stainability  of  the 
hematoxylin  bodies  in  the  tis.sues  with  methyl  green  as  compared  with  normal 
nuclei,  their  DNA  was  regarded  as  having  undergone  a  change  in  the  nature  of 
depolymerization.  This  interpretation  of  the  significance  of  methyl  green  uptake 
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has  since  Ikhmi  inoililicd ;  the  of  this  dye  hy  nucleic  acid  in  lissu(>  speci- 

mens is  now  known  to  be  influenced  principally  by  such  factors  as  fixation  (34-3()), 
the  presence  of  cations  (30,  81,  35,  37),  pH  (37),  and  most  important,  it  is  im- 
paircnl  by  competiti\'e  interference  of  protein  associated  with  DNA  (34,  38,  39). 
Control  of  some  of  these  variables  permits  us  to  make  use  of  quantitative  meas- 
urement of  methyl  green  binding  to  gain  information  on  the  amount  of  DNA 
and  its  relationship  to  protein  (39). 

In  more  recent  microspectrophotometric  measurements  (40-42),  it  was  (!on- 
firmed  that  methyl  green  staining  of  L.E.  bodies  and  hematoxylin  bodies  was 
uniformly  depressed  as  compared  with  control  nuclei.  To  assess  the  effect  of 
protein  on  methyl  green  binding  by  DNA  in  hematoxylin  and  L.E.  bodies,  methyl 
green  uptake  in  the  same  bodies  was  measured  before  and  after  destruction  by 
acetylation  of  the  basic  groups  of  protein  which  compete  with  tiasic  dye  for  the 
phosphoryl  groups  of  DNA.  In  contrast  to  the  small  increase  in  methyl  green 
stainal:»ility  efl'ected  by  acetylation  of  protein  basic  groups  in  normal  control 
nuclei,  this  procedure  insulted  in  almost  a  100  per  cent  increase  of  the  apparent 
amount  of  methyl  green  which  the  DNA  of  L.E.  bodies  was  capable  of  binding 
(Table  I).  It  would  thus  appear  that  about  half  of  the  stainable  sites  of  DNA 
in  lupus  bodies  were  masked  by  protein.  The  Feulgen  reaction  for  the  deoxy- 
pentose  moiety  of  DNA,  which  is  relatively  insensitive  to  those  changes  in  degree 
of  polymerization  of  DNA  or  to  its  relation  to  proteins  which  affect  methyl  green 
staining,  is  therefore  useful  as  a  reference  against  which  to  compare  such  staining 
properties  of  DNA  as  its  methyl  green  uptake.  In  most  normal  nuclei,  such  as 
those  from  which  L.E.  bodies  originate,  the  ratio  of  the  amounts  of  methyl  green 
to  Feulgen  revealed  DNA  is  about  1 .0.  The  amount  of  methyl-green-stained  DNA 


Mean  aiitouiii  of  incthi/I  giccti  inid  Feidgen  dye  hound  in  L.E.  hodiex  derived  from  I  i/ni  phovi/les 
Measurements  of  free  (iion  phagoevtosed)  L.E.  l)odies  in  L.E.  prej^aratioiis  made  with 
lymphocytes  from  a  patient  with  chronic  lymphatic  leukemia.  The  data  illustrate  the  effect 
of  competing  protein  groups,  which  are  destroyed  by  acetylation,  upon  the  binding  of 
methyl  green  by  DNA  in  lymphocytes  and  L.E.  bodies  respectively.  Acetylation  results  in 
similar  Feulgen:  post-acetylated  methyl  green  ratios  for  both,  indicating  that  DNA  is  not 
depolymerized  in  L.E.  bodies. 


TABLE  I 


Lymphocytes 


L.E.  Bodies 


(No.  measured) 
Methyl  green.  . 


(20) 

16.7  ±  0.5 

17.8  ±  0.8 

19.9  =b  0.4 


(20) 

11.9  ±  0.3 

23.1  ±  0.6 

21.3  ±  0.5 


Me  C;r  after  acet 
Feulgen  


Post-acet  Me  Gr 


Me  Gr 


1,06 


1 .94 


Feulgen 


1.19 


1.79 


Me  Gr 
Feulgen 


1.12 


0.92 


Post-acet  Me  Gr 
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TABLE  II 

Mean  (uiioiiiits  of  /).\A  and  protein  in  L.E.  bodies  derived  from  lymphocytes 
Measurements  of  free  (noii-i)hagocytosed)  L.E.  bodies  in  L.E.  preparations  derived 
from  lymphocytes.  The  Feiilgen  data  show  that  DNA  is  not  lost  in  the  course  of  the  L.E. 
transformation.  The  marked  increase  of  naphthol  yellow  S  binding  and  Millon  staining 
indicate  the  marked  increase  in  total  protein  content  in  the  formation  of  L.E.  bodies.  The 
decline  and  disappearance  of  alkaline  fast  green  and  in  Sakaguchi  staining  in  L.E.  bodies 
suggests  a  loss  of  histone. 


Ratios 

A 

B 

c 

Lymphocytes 

Early  L.E. 

bodies 

L.E. 

Bodies 

B/A 

C/A 

Feulgen  

15.4  d=.0.4 

18.0  ± 

0.5 

17.7 

±  0.4 

1.17 

1.15 

Naphthol  yellow  S  

14.5  ±  0.6 

23.8  ± 

1.1 

36.5 

±  1.1 

1.64 

2.54 

Alk.  fast  green  

19.0  ±  0.4 

5.5  ± 

0.6 

* 

0.29 

Sakaguchi  

3.1  ±  0.2 

1.5  ± 

0.1 

* 

0.48 

Millon  

2.2  d=  0.2 

5.7 

±  0.4 

2.75 

*  Indicates  below  measurable  limits. 


after  acetylatioii  of  competing  protein  groups,  compared  with  the  amount  of 
DXA  measured  in  the  same  bodies  by  means  of  the  Feulgen  reaction  (i.e.,  the 
Feulgen :  postacetylated  methyl  green  ratio)  would  indicate  whether  there  is 
any  residual  decrease  in  methyl  green  uptake  by  DXA,  i.e.,  which  cannot  be 
accounted  for  by  the  presence  of  competing  protein.  If  there  were,  this  ratio 
would  be  reduced  in  comparison  to  control  nuclei.  ]\Ieasiu'ements  showed  that 
the  Feulgen : postacetylated  methyl  green  ratios  of  both  L.E.  bodies  and  control 
nuclei  tended  to  approach  1.0  (Table  I).  Thus,  the  decreased  methyl  green 
stainability  of  L.E.  bodies  could  be  satisfactorily  accounted  for  by  the  effects 
of  protein  interference  resulting  from  an  association  of  a  protein  with  the  DNA 
of  L.E  bodies  not  manifest  in  normal  nuclei.  The  data  gave  no  evidence  of  an 
altered  state  of  the  DNA  itself,  such  as  depolymerization.  Entirely  analogous 
restilts  were  obtained  with  hematoxylin  bodies,  the  tissue  counterparts  of  L.E. 
bodies  (42).  Moreover,  comparison  of  the  total  relative  amounts  of  Feulgen- 
revealed  DNA  in  L.E.  bodies  with  those  of  normal  nuclei  of  the  type  from  which 
they  were  derived  (lymphocytes)  .showed  that  there  was  no  significant  loss  of 
DNA  in  the  process  of  the  L.E.  transformation  (Table  II). 

It  was  thus  evident  from  these  data  that  in  the  nuclear  alteration  of  lupus, 
the  protein  component  of  the  affected  nuclei  rather  than  the  DNA  itself  was 
changed  in  kind  and/or  amount.  The  "total  amount"  of  protein  present  in 
objects  such  as  L.E.  bodies  and  nuclei  can  be  estimated  by  microspectrophoto- 
metric  measurement  of  the  colored  complexes  resulting  from  naphthol  yellow  S 
binding  and  from  the  Millon  reaction.  The  anionic  dye  naphthol  yellow  S  (dipo- 
tassium  flavianate)  has  been  shown  by  Deitch  (43)  to  combine  stoichiometrically 
with  the  available  e-amino  groups  of  lysine,  the  guanidyl  groups  of  arginine, 
and  the  imidazole  group  of  histidine  residues  in  fixed  protein,  thus  affording  a 
valuable  measure  of  the  ntmiber  of  protein  basic  groups  free  to  accept  the  dye  in 
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any  site.  Application  ol  this  proccdui'c  made  it  cx  idciit  thai  llic  iiuinh(>r  ol  sucli 
•groups  was  more  than  doubled  in  the  L.l'].  body  as  conij)ai'e(l  with  the  lympho- 
cyte nucleus  from  which  it  originates.  (Quantitation  of  the  product  of  the  cyto- 
chemical  Alillon  redaction  (for  histone  plus  nonhistone  proteins  (44))  gives  a 
lelative  measure  of  the  tyrosine  residues  of  protein.  Since  this  reaction  reveals 
another  grouping,  and  is  independent  of  some  of  the  ionic  and  electrostatic  inter- 
ferences attendant  upon  acid  and  basic  dye  binding,  it  is  a  valuable  complement 
to  other  cytochemical  estimates  of  the  amount  of  protein  present.  With  this  pro- 
cedure a  more  than  two-and-one-half  fokl  a\'eiage  increase  in  protein  tyrosine 
residues  was  measured  in  the  formation  of  an  L.E.  body  from  a  nucleus.  These 
data,  which  show  increases  in  reactive  groups,  suggest  an  augmentation  of  the 
total  amount  of  protein  in  such  transfoimed  nuclei.  That  this  is  indeed  the  case 
has  been  demonstrated  by  Rifkind  and  Godman  (9)  by  means  of  interferometric 
microscopy  in  which  it  was  detei mined  that  L.E.  bodies  had  an  average  an- 
hydrous mass  (52.8  X  10~''  gm.)  two-and-one-half  times  greater  than  that  of 
control  lymphocyte  nuclei  (21.7  X  10^'-  gm.). 

These  determinations  e.stablished  that  a  marked  augmentation  in  total  amoimt 
of  protein  occurs  in  the  L.E.  transformation  of  nuclei.  Further-  differences  in 
protein  composition  between  nuclei  and  the  L.E.  bodies  were  disclosed  by  the 
cytochemical  test  for  histone  proteins  (41).  These  basic  proteins  are  normally 
closely  linked  to  DNA  in  all  intact  cells,  where,  owing  to  their  high  isoelectric 
points,  they  can  be  selectively  demonstrated  and  quantitated  (after  lemoval 
of  nucleic  acid)  by  staining  with  the  anionic  dye  fast  gieen  ]"CF,  at  high  pH. 
The  phagocytosed  bodies  of  the  L.E.  cells  and  of  hemato.xylin  bodies  were  almost 
always  devoid  of  stainable  histone,  while  the  free  L.E.  bodies  varied  from  dimin- 
ished stainability  to  complete  absence  of  coloration.  Microphotometric  estima- 
tions of  total  histone  in  nuclei  in  the  course  of  the  L.E.  change  showed  this 
diminution  to  occur  very  early.  These  results  were  interpreted  to  indicate  that 
the  L.E.  change  entails  either  a  loss  of  histones  or  else  a  masking  of  their  available 
basic  groups  by  some  substance  not  noimally  present  in  nuclei.  Arginine  residues 
as  determined  by  the  Sakaguchi  reaction  (which  is  not  subject  to  the  same  ionic 
electrostatic  or  steric  factors  affecting  acid  or  basic  dye-binding),  are  reduced 
nearly  in  half  in  the  earliest  L.E.  bodies,  and  much  further  in  the  mature  L.E. 
bodies.  This  fact  would  tend  to  favor  the  hypothesis  that  histones  are  displaced 
from  their  link  with  DNA  by  a  protein  normally  foreign  to  the  nucleus,  and 
thence  more  easily  lost.  However,  there  is  said  to  be  no  apparent  increase  in 
arginine  in  supernatant  L.P].  serum  over  substrate  leukocytes  (47),  and  since 
some  histone  stainability  may  sometimes  be  detected  in  L.E.  bodies,  the  hypothe- 
sis must  also  be  entertained  that  the  histone  remains,  but  that  its  combining 
groups  are  preempted  or  shielded  and  so  prevented  from  accepting  the  dye,  a 
condition  analogous  to  that  of  the  DNA.  Hematoxylin  bodies  of  the  tissues 
invariably  contained  no  basic  protein  of  the  histone  type  as  detected  by  these 
methods  (42).  From  these  results  it  was  concluded  that: 

1 .  The  DNA  of  the  L.E.  body  is  not  detectibly  depolymerized  or  significantly 
reduced  in  amount  in  the  formation  of  the  L.E.  body  from  the  leukocyte  nucleus. 
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2.  There  is  a  inoi'c  than  twofold  increase  in  total  measural)le  protein  and 
hence  anhydrous  mass  in  tlie  formation  of  the  L.E.  body  due  to  influx  from  with- 
out (i.e.,  L.E.  serum)  of  a  protein  normally  foreign  to  the  nucleus. 

3.  Consequent  on  the  entry  of  this  protein,  histones  are  possibly  displaced 
from  their  normal  combination  with  DNA,  and  subsequently  either  lost  or 
masked  by  protein,  and  the  DXA  becomes  associated  (combined)  with  the  new 
protein. 

4.  The  nucleoprotein  masses  (L.E.  bodies)  formed  in  this  way  in  systemic 
lupus  are  deposited  in  the  tissues  as  the  so-called  hematoxylin  bodies. 

Insight  into  the  nature  of  the  incurrent  protein  reacting  with  cell  nuclei  was 
afforded  by  studies  in  at  least  two  laboratories  of  the  L.E.  cells  and  free  bodies 
by  means  of  the  immunohistochemical  techniques  of  Coons  and  his  collaborators 
(48).  In  these  investigations  fluorochrome-labelled  antisera  to  normal  human 
gamma  globulin  were  allowed  to  react  with  L.E.  cells,  the  sites  of  brilliant  fluores- 
cence then  representing  the  localization  of  gamma  globulin  in  the  cells.  In  such 
preparations  nuclei  undergoing  the  L.E.  change  (free  L.E.  bodies),  and  the  L.E. 
cell  inclusions  (phagocytosed  bodies)  fluoresced  brilliantly,  while  normal  nuclei, 
nuclei  incubated  with  control  (nonlupus)  sera,  or  those  stained  with  heterologous 
nonhuman  antigamma  globulins  or  in  which  the  antigen  (globulin)  had  been 
blocked  failed  to  fluoresce,  thereby  indicating  the  presence  of  gamma  globulin 
in  the  nuclei  which  have  undergone  the  L.E.  transformation  (49,  50). 

That  the  L.E.  serum  factor  has  an  affinity  for  nuclear  nucleoprotein  is  further 
suggested  by  the  immunohistochemical  technique,  which  showed  the  nuclear 
localization  of  fluorescent  anti-human  gamma  globulin  in  the  nuclei  of  normal 
autologous,  homologous  and  heterologous  tissues  which  had  been  exposed  to 
L.E.  serum  (51-53).  The  nonspecificity  of  the  substrate  nuclear  material  is  in 
accord  with  the  same  nonspecificity  of  substrate  cells  in  eliciting  the  L.E.  cell 
phenomenon.  It  has  been  further  shown  by  Friou  (54)  that  the  fluorescent  L.E. 
globulin  from  all  cases  of  lupus  erythematosus,  irrespective  of  its  L.E.  cell  form- 
ing capacity,  is  bound  to  either  extracted  or  artificial  nucleohistone  preparations. 
The  demonstration  of  gamma  globulin  in  L.E.  bodies  strongly  suggests  that  this 
protein,  putatively  that  measured  by  Godman  and  Deitch  (41),  which  enters  the 
nucleus  from  L.E.  serum  to  bring  about  the  L.E.  change,  might  be  antibody. 
But  it  does  not  by  itself  constitute  final  proof  that  the  gamma  globulin  in  this 
site  is  indeed  immunologically  reactive. 

NATURE   OF   THE   INTERACTION   OF   L.E.    FACTOR   AND   NUCLEAR  CONSTITUENTS: 
THE  SEROLOGY  OF  SYSTEMIC  LUPUS. 

At  first,  follow'ing  the  previously  held  concept  that  the  L.E.  and  hematoxylin 
bodies  contained  partially  depolymerized  DNA,  it  was  hypothesized  that  in 
systemic  lupus  the  supposed  depolymerization  of  DNA  was  effected  by  an  intra- 
cellular deoxyribonuclease  (since  serum  DNase  could  not  be  implicated)  released 
from  an  intracellular  inhibitor  (55)  by  the  entry  of  a  serum  protease,  whose 
penetration  into  the  cells  was  presumably  facilitated  by  the  postulated  action  of 
the  L.E.  factor  on  the  cell  surface  (56-58).  The  bases  of  this  group  of  hypotheses 
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which  may  be  rctcrrcd  to  as  the  "enzyme  th(M)ry"  are  not  t('iial)le  because  more 
I'eoent  evidence  has  corrected  the  earlier  idea  and  has  shown  that  the  DNA  of 
L.l'].  bodies  is  not  detectibly  depolymerized  (40-42),  but  also  because  it  is  now 
well  estal)lished  that  the  L.E.  factor  (not  itself  a  tlepolymerase)  reacts  directly 
with  the  nuclear  constituents. 

Miescher  and  Fauconnet  (59)  first  showed  that  the  L.E.  cell-forming  factor 
of  L.E.  serum  and  globulin  was  absorbed  by  isolated  homologous  and  heterolo- 
gous nuclei,  and  that  nuclei  charged  with  this  factor  could  be  identified  in  the 
antiglobulin  consumption  test  and  by  phagocytosis  (14).  The  absorbed  L.E. 
factor  could  be  at  least  partially  eluted  from  nuclei  and  not  unexpectedly  was 
found  to  be  a  gamma  globulin  with  L.E.  activity  (14,  15,  59).  The  nucleoprotein 
(nucleohistone)  extractible  from  nuclei  by  1  M  NaCl  also  reacted  with  the  L.E. 
sei'um  factor,  but  neither  nuclei  nor  nucleoprotein  could  do  so  if  their  DNA  had 
been  removed  by  deoxyribonuclease  (DNase)  treatment  (15).  These  evidences 
that  a  factor  in  L.E.  gamma  globulin  which  is  absorbed  by  nuclei  reacts  with 
DNA  were  further  reinforced  by  the  finding  of  definite  precipitin  and  comple- 
ment fixation  reactions  obtained  with  lupus  sera  (but  not  others)  and  "purified" 
DNA  (60-()4).  These  precipitation  reactions,  which  were  obtained  e(}ually  with 
DNA  of  human,  animal  and  bacterial  origin,  could  be  demonstrated  by  Seligmann 
(()4)  with  very  dilute  solutions  by  the  Ouchterlony  gel-diffusion  method,  the 
ring  test,  the  method  of  passive  hemagglutination,  and  in  Immunoelectrophoresis. 
Between  3  and  15  gamma  of  DNA  per  ml.  L.E.  serum  was  necessary  to  exhaust  the 
precipitin.  The  precipitation  reaction  was  specific  for  preparations  of  DNA  and 
did  not  react  with  RNA;  in  L.E.  sera  giving  this  reaction  complement  fixation 
ccnild almost  invariably  be  found  ((if,  64).  L.E.  sera  are  also  apparently  capable 
of  inhibiting  bacterial  transforming  principle  (i.e.,  DNA)  from  acting  (66).  The 
DNA  precipitating  and  complement  fixing  "antibody"  of  L.E.  serum  has  been 
characterized  by  both  Seligmann  (64)  and  Deicher,  Holman,  et  al.,  (63b,  65)  as 
capable  of  giving  a  precipitin-curve  with  a  prozone,  equivalence  zone,  and  zone 
of  antigen  excess;  it  appears  to  move  as  a  fast  (gamma  1)  globulin  ((i6)  and  to 
come  down  with  the  7S  fraction  in  the  ultracentrifuge. 

From  the  nature  of  these  reactions  it  seemed  reasonable  to  assume  that  one 
was  dealing  with  an  antibody  directed  against  DNA  (61,  64,  65).  The  serum  fac- 
tor giving  precipitation  and  complement  fixation  tests  with  DNA  was  a  gamma 
globulin.  It  did  not  resemble  a  histone  (64),  and  precipitation  with  DNA  was 
conducted  at  a  high  pH  in  which  nonspecific  electrostatic  or  saltlike  combination 
could  be  minimized  (65).  The  objection  that  the  serum  factor  might  be  reacting 
with  protein  impurities  which  accompany  mo.st  ordinary  preparations  of  DNA 
was  answered  by  the  extinction  of  the  precipitin  and  complement-fixing  reactions 
after  DNase  treatment,  by  positive  reactions  with  DNA  preparations  from  many 
varied  sources,  and  by  the  fact  that  the  reactions  are  elicitable  with  very  small 
<iuantities  of  DNA  (64).  However  suggestive  the  evidence  in  favor  of  the  antibody 
hypothesis,  final  proof  of  the  immiuiological  nature  of  these  reactions  should 
include  faithful  reproduction  of  similar  phenomena  in  animals.  Animals  im- 
munized with  leukocytic  components  (67-70),  nuclei  (68,  69,  71,  72)  and  nucleo- 
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protein,  (05,  72)  lim  e  not  dcx  eloped  serological  patterns  (luite  characteristic  of 
lupus  or  antibodies  reacting  with  DNA  alone,  nor  have  the  sera  of  rabbits  im- 
munized with  leukocytes  gi\'en  rise  to  appearances  generally  acceptable  as  typical 
L.E.  cells,  although  interesting  ("pseudo  L.E."  (73))  phagocytic  phenomena 
have  been  observed.  However  Miescher  (71,  72)  has  claimed  production  of 
nuclear  changes  closely  resembling  the  L.E.  alteration  with  immune  sera  against 
nuclei  or  nucleoproteins.  Moreover,  although  it  has  been  reported  that  DNA 
may  act  as  an  antigen  (74,  75)  these  results  have  not  been  satisfactorily  repro- 
duced by  other  investigators  (64,  76)  and  it  remains  doubtful  that  DNA  per  se 
can  act  as  an  antigen,  or  that  experimental  immunization  with  nucleoprotein 
produces  antibodies  to  DNA. 

More  extensive  experience  with  the  complement  fixing  reactions  of  L.E. 
serum  and  nuclear  components  indicated  that  the  L.E.  cell  forming  factor  ap- 
peared to  be  different  from  that  responsible  for  DNA  fixation  (63) ;  subsequent 
research  chiefly  in  Kunkel's  laboratory  by  Holman,  Deicher  and  Robbins  (65) 
has  shown  that  whole  groups  of  complement  fixing  serum  factors,  reacting  with 
different  nuclear  constituents  may  appear  in  systemic  lupus,  and  that  these 
groups  may  have  different  patterns  in  different  patients.  These  factors  may  be 
variously  directed  against  whole  isolated  nuclei,  nucleohistone,  DNA  prepara- 
tions, histone,  and/or  saline  non-nucleoprotein  extracts  of  nuclear  material: 
different  patients  with  systemic  lupus  possessed  differing  capabilities  of  reacting 
with  these  various  constituents.  The  sera  of  some  patients,  capable  of  forming 
L.E.  cells,  could  reportedly  react  with  nuclei,  nucleoprotein  and  histone,  but 
not  with  DNA,  while  sera  of  other  patients  could  fix  complement  with  nucleo- 
protein and  DNA,  but  not  with  histone  (65). 

Some  information  about  the  relationship  of  some  of  these  antinuclear  serum 
factors  has  been  afforded  by  absorption  and  elution  experiments.  The  relationship 
of  the  complement  fixing  fact(jr  reacting  with  DNA  to  the  L.E.  cell  forming 
factor  is  of  particular  interest.  The  available  evidence  has  indicated  that  these 
are  not  identical.  After  exhaustion  of  the  precipitins  of  L.E.  sera  by  addition  of 
DNA  it  still  remains  possible  to  elicit  the  I^.E.  phenomena  (27,  56,  63-65,  77). 
As  noted,  the  sera  of  certain  patients  giving  the  L.E.  cell  phenomenon  contained 
no  demonstrable  pi'ecipitin  (64),  or  complement  fixing  factor  (65)  for  DNA. 

Eluates  obtained  by  treatment  of  the  Ij.E.  serum-DNA  precipitates  with 
2  M  NaCl  or  with  deoxyribonuclease  were  alleged  by  Seligmann  and  Robineaux 
(27)  to  contain  the  anti-DNA  precipitin  and  also  to  be  capable  of  inducing  the 
L.E.  phenomenon,  but  only  wh(>n  mixed  with  normal  serum.  Holman,  Deicher, 
et  al.,  (()5)  have  been  unable  to  duplicate  these  results  and  are  unable  to  verify 
that  the  L.E.  cell  forming  factor  is  one  which  can  combine  with  DNA  alone. 
They  note,  as  do  Ilijmans  and  Schuit  (77),  that  nucleoprotein,  but  not  DNA 
alone,  was  capable  of  completely  absorbing  the  L.E.  cell  forming  factor  from 
I.,.E.  sera  in  a  reaction  which  did  not  necessarily  fix  complement:  both  the  DNA 
and  histone  were  found  necessary  for  this  reaction,  nor  was  histone  released  by 
the  new  combination.  The  discrepancy  might  be  explained  by  the  possibility 
that  Seligmann's  DNA  preparations  contained  small  quantities  of  protein.  The 
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(Mul  i)<)int  ol'  Sc'lifi;m:uui  und  Robineaux  (27,  M),  in  whicli  the  L.Iv  chunfijo  is 
routinely  detected  in  fresh  cells  with  the  phase  microscope,  should  also  be  checked 
with  histochemical  methods  to  verity  the  nature  of  the  changes,  and  to  pei'mit 
compai-ison.  The  L.E.  serum-nucleohistone  precipitate  yielded  complement 
(ixing  gamma  globulin  factors,  but  little  L.E.  cell  forming  factor  after  DNase 
digestion.  The  L.E.  cell  forming  globulin  could  be  released  from  the  remaining 
residue  or  from  L.E.  serum  absorbed  on  nuclei  by  heating  it  to  5()°C.  (65).  These 
jiroperties  would  seen  to  differentiate  the  L.E.  cell  factor  from  the  other  anti- 
nuclear  factors  of  lupus,  especially  in  its  dependence  upon  the  DXA-protein  link 
for  reaction,  since  it  apparently  does  not  react  with  DNA  alone. 

The  L.E.  cell  factor  of  the  serum,  correctly  identified  by  Haserick  et  al.,  (78) 
as  a  gamma  globulin,  was  supposed  by  them  to  be  "immunologically  distinct" 
from  other  gamma  globulins.  Seligmann  and  Hanau  (79)  and  Hijman  and  Schuit 
(77)  have  taken  exception  to  this  interpretation.  Lideed,  present  evidence  would 
agree  that  the  L.E.  cell  factor  is  itself  antigenically  like  other  normal  antibody 
gamma  globulins.  It  is  said  to  reside  in  the  C-ohn  II  fraction  of  plasma  (80). 
Larson  (47),  using  the  separation  methods  made  possible  by  the  cellulose  cationic 
exchange  column  has  isolated  a  gamma  globulin  which  apparently  is  immuno- 
logically (as  judged  by  gel-diffusion  band)  and  electrophoretically  homogeneous, 
moves  as  a  7S  fraction  in  the  ultracentrifuge,  and  which  is  capable  of  giving  the 
L.E.  cell  phenomenon  and  a  positive  latex  test  (agglutination  with  nucleoprotein 
coated  latex).  This  glol)ulin  is  said  to  be  chemically  differentiable  from  other 
gamma  globulin  by  its  markedly  low  N/P  ratio  (47). 

The  possibility  that  the  reactions  described  are  combinations  with  an  unusual 
globulin,  but  lacking  immunological  specificity,  although  remote,  has  yet  to  be 
completely  excluded.  With  these  objections  in  view,  the  hypothesis  of  the  oc- 
currence in  systemic  lupus  erythematosus  of  a  group  of  serum  antibodies  capable 
of  reacting  with  the  constituents  of  cell  nuclei  would  nevertheless  appear  at 
present  to  be  the  most  reasonable,  factually  consistent  and  heuristic  conception. 

PATHOGENIC   SIGNIFICANX'E   OF  THE   SEROLOGICAL   ALTEKATIOXS   IN   LUPUS  AND 

OF  THE  L.E.  BODY 

While  the  idea  of  a  disordered  immune  state  as  a  mechanism  in  the  pathogenesis 
of  systemic  lupus  had  previously  suggested  itself,  interest  in  this  possibility  was 
renewed  by  recognition  of  the  frequent  occurrence  of  biological  false  positive 
serological  tests  for  syphilis  (13),  and  especially  by  attention  to  certain  hema- 
tological manifestations  which  are  seen  in  some  cases  of  lupus.  In  particular,  the 
occurrence  of  hemolytic  anemia,  with  red  blood  corpuscle  autoagglutinins  and 
positive  Coombs  test  (13,  81-83),  thrombocytopenia  and  purpura  (13,  83-88) 
and  leukopenia  (13)  have  been  recorded,  and  the  remarkable  readiness  with 
which  some  patients  with  S.L.E.  develop  antibodies  against  blood  corpuscle 
antigens,  and  the  frequency  of  transfusion  reactions  in  them  have  been  the 
sul)ject  of  comment  (13,  89,  90).  The  presence  of  thromboagglutinins  (87,  88), 
precipitins  (64),  and  complement  fixing  factors  to  platelet  extracts  (64),  and  the 
exi.stence  of  leukagglutinins  (72,  87,  91-94),  positive  Coombs  (antiglobulin 
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consumption)  tests  (14,  1)4,  95),  leukoprecipitins  (04,  94,  96),  and  antileukocyte 
complement-fixing  factors  (94,  97)  against  leukocyte  cytoplasmic  antigen  in 
lupus  patients  who  had  not  been  transfused  have  been  documented  in  detail. 
These  manifestations,  which  are  invoked  to  explain  the  hematological  signs  of 
the  disease,  have  been  taken,  together  with  the  L.E.  phenomenon,  as  evidence 
for  the  autoantibody  or  autoimmune  theory  of  lupus  (81,  64,  98-102).  It  is  most 
often  postulated  that  in  some  manner  the  patient's  own  cell  constituents  become 
antigenic  and  gain  access  to  the  antibody-forming  cells,  with  the  production  of  a 
variety  of  circulating  antibodies  directed  against  constituents  of  the  patient's 
cells.  A  number  of  "antibodies"  to  nuclear  nucleoprotein  and  protein  are  ap- 
parently formed  among  which  the  L.lv  cell  factor,  albeit  the  most  constant, 
is  one. 

While  iso-  and  autoantibodies  to  cells,  particularly  hematic  elements,  are 
known  to  occur  in  several  conditions,  it  was  thought  that  the  antinuclear  factor 
was  specific  to  systemic  lupus  erythematosus.  Many  of  the  reports  which  have 
appeared  describing  L.E.  cells  in  other  diseases  (101,  103-105)  have  been  doubted 
especially  with  regard  to  the  validity  of  the  diagnosis  of  the  L.E.  cell.  This  issue 
cannot  be  discussed  in  detail  here,  but  it  should  be  remarked  that  confusion 
might  be  avoided  if  these  cells  were  examined  not  only  in  conventional  prepara- 
tions, but  also  with  some  histochemical  methods,  such  as  methyl  green  affinity 
and  alkaline  fast  green  staining.  The  occurrence  of  the  L.E.  cell  phenomena  in 
certain  cases  after  administration  of  hydralazine  (10(i-108)  and  in  rheumatoid 
arthritis  (109-113)  remain  problems;  in  certain  cases  of  chronic  hepatitis  (lupoid 
hepatitis)  with  characteristically  elevated  globulins,  it  seems  to  have  been  more 
convincing  (114-117)  [but  see  (118)]. 

This  finding  is  of  nosological  interest  in  the  light  of  the  recent  report 
by  Gajdusek  (119)  of  complement  fixing  reactions  between  normal  tissue  antigens 
or  "reagins"  and  gamma  globulin  of  some  patients  with  systemic  lupus  erythem- 
atosus (in  9  of  11  cases),  lupoid  hepatitis  (in  3  of  4  cases),  macroglobulinaemia, 
(in  2  of  5  cases),  and  chronic  hepatitis  (in  11  of  25  cases).  Besides  the  fixation  of 
complement,  the  participation  of  gamma  globulin,  the  stability  of  the  reaction 
at  56°C.,  and  the  occurrence  of  apparent  prozones  in  antigen  titrations  were 
adduced  as  evidence  for  the  immunologic  nature  of  these  reactions  (119).  It  is, 
howe\'er,  necessary  to  bring  even  more  rigorous  proof  in  order  to  exclude  the 
occurrence  of  some  nonimmunologic  reactivity.  These  reactions  could  not  be 
elicited  against  autologous  antigens  prepared  with  the  patient's  own  tissues 
removed  at  biopsy  (120),  a  fact  which  has  been  interpreted  by  Mackay,  Larkin 
and  Burnet  to  signify  that  the  part  of  the  antibody  population  of  these  patients 
having  'specificity'  (highest  affinity)  for  the  autologous  antigen  have  been  ab- 
sorbed out  of  the  circulation,  and  that  somehow  a  spectrum  of  homologous  re- 
activity persists  in  the  serum.  However,  it  also  seems  possible  that  autologous 
tissue  antigens  failed  to  react  in  vitro  because  they  had  already  been  saturated 
with  aiitil)()dy  in  vivo. 

From  these  varied  data  there  emerges  the  tentative  concept  of  a  category 
of  disease,  of  which  lupus  would  be  one,  characterized  by  the  presence  of  a  spec- 
trum of  globulins  having  many  characteristics  of  immune  bodies,  which  have 
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:uitol()fi;()Us  and  lu'tcroloj^oiis  affinity  for  xai'ious  1is.sue  constitucnl s  the  Hources 
and  natures  of  which  may  differ  in  individual  cases.  Whether  or  not  such  a  cate- 
f!;orv  of  disease  will  prove  to  have  reality,  and  whatever  the  relationship  of  sys- 
temic lupus  to  the  other  disorders  named  in  this  connection,  it  remains  clear 
that  in  systemic  lupus  serum  globulin  is  formed  having  a  range  of  reactivities 
with  tissue  components  most  constant  and  characteristic  of  which,  so  far  re- 
\  ealed,  are  the  constituents  of  the  nucleus.  Both  the  oi  igins  and  reason  for  this 
disorder,  and  its  pathogenetic  consequences  remain  obscure.  We  do  not  know 
precisely  what  relation  all  the  manifestations  of  disease,  clinical,  serological  and 
anatomical  bear  to  one  another.  In  considering  the  serological  changes,  the  L.E. 
cell  phenomenon  which  depends  upon  it,  and  some  resulting  tissue  changes, 
we  are  dealing  with  but  two  links  in  a  probably  long  chain  of  events,  the  other 
parts  of  which  remain  to  be  discovered. 

To  explain  the  occurrence  of  globulins,  presumptively  antibodies,  which  react 
with  nuclear  and/or  other  cellular  constituents,  it  has  been  conjectured  that: 

1.  autologous  tissue  components  may  become  antigenic  through  some  modifica- 
tion (somatic  mutation  of  a  mesenchymal  cell  (120))  involving  loss  of  "recogni- 
tion units"  (100,  119);  alteration  by  combination  with  foreign  substances 
(?  haptens)  has  also  been  postulated; 

2.  these  antigenic  materials  gain  access  to  antibody  producing  sites; 

3.  antibody  populations  or  gamma  globulins  of  varied  nature,  not  conforming 
to  standard  pattern,  are  released  which  could  combine  with  other  autologous, 
homologous  or  heterologous  tissue  constituents  (120). 

Other  theories  involve  immunization  by  foreign  nucleoprotein  and  formation 
of  cross-reaction  antibodies  (53). 

Concerning  these  speculations  there  is  little  exact  knowledge ;  we  do  not  know 
why  patients  with  lupus  respond  to  antigenic  stimuli  so  readily,  what  qualitative 
differences  there  are  in  their  antibodies  or  why  females  are  so  much  more  apt  to 
develop  this  disease  than  males.  (Dameshek  believes  that  sensitization  occurs 
during  menstruation  (102).)  The  mere  presence  of  the  L.E.  cell  factor  per  se 
in  the  circulation,  and  in  all  probability  also  the  precipitating  and  complement- 
fixing  factors  already  referred  to,  is  seemingly  not  pathogenic,  at  least  for  a 
limited  time.  Its  transplacental  passage  and  its  appearance  in  the  blood  of  the 
infant  for  periods  up  to  seven  weeks,  with  well-marked  capacity  for  L.E.  cell 
formation  in  the  infant's  blood,  resulted  in  no  apparent  disease  (121-123). 

The  relationship  of  the  serologic  alterations  and  of  the  L.E.  cell  phenomenon 
to  some  of  the  lesions  in  the  tissues  of  patients  with  systemic  lupus  erythematosus 
as  classically  described  by  Gross  (1)  and  especially  Klemperer,  Pollack,  and  Baehr 
(124)  while  still  unclear,  have  been  somewhat  more  enlightened  by  recent  studies. 
The  nuclear  alteration  of  the  L.E.  change  is  regarded  by  mo.st  clinical  observers 
not  only  as  specific,  but  also  as  demonstrable  at  some  time  in  almost  every  case 
of  systemic  lupus  (101).  That  the  L.E.  phenomenon  takes  place  in  vivo  is  sug- 
gested by  the  finding  of  L.E.  cells  in  freshly  drawn  untreated  blood  of  patients 
(125,  ]2()),  in  the  tissues  at  autopsy  in  one  case  (127),  and  in  the  observations  of 
its  occurrence  in  viable  cells  (8,  21).  Hematoxylin  bodies,  which  are  discrete  or 
congkjmerate  deposits  of  the  altered  nuclear  material,  have  been  shown  experi- 
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mentally  by  Cicrman  (128)  to  he  capable  of  deriving  from  embolization  of  swollen 
leukocytes  which  have  undergone  the  L.E.  transformation.  It  is  also  very  likely 
that  some  are  formed  in  situ  from  fixed  tissue  cells.  It  is  obvious  from  a  compari- 
son of  the  chemical  characteristics  of  the  fresh  L.E.  body  and  of  the  hematoxyphil 
masses  that  the  latter  have  undergone  considerable  change  during  their  sojourn 
in  the  tissues.  For  example,  fresh  L.E.  bodies  stain  metachromatically  and  fail  to 
react  with  the  PAS  procedure  (40,  42),  while  hematoxylin  Ijodies  are  not  meta- 
chromatic (42),  may  show  diminished  P'eulgen  stainability  and  are  strongly 
stained  in  the  PAS  reaction  (42,  129-131),  changes  which  point  to  the  probable 
addition  of  protein  and  of  a  PAS-demonstrable  carbohydrate,  and  to  subsequent 
loss  of  nucleic  acid  from  the  original  nucleoprotein  material. 

Klemperer  (127),  and  Gueft  and  Laufer  (129)  have  postulated  that  with  the 
degradation  of  these  bodies  and  further  loss  of  DNA  from  them,  the  protein 
residues  remain  as  masses  indistinguishable  from  the  fibrinoid  or  hyaline  deposits. 
From  these  authors'  evidences,  this  interpretation  of  the  origin  of  the  fibrinoid 
would  appear  to  be  rather  more  applicable  to  the  thi-ombotic  intravascular 
masses  especially  in  the  glomerular  loops  than  to  the  material  in  other  loci  desig- 
nated "fibrinoid".  In  systemic  lupus,  such  eosinophilic  materials  of  arterioles 
and  glomeruli  without  basophilic  smudges  containing  DNA  have  in  common  with 
each  other  and  with  L.E.  and  hematoxylin  bodies  the  presence  of  gamma  globulin 
(49,  50,  132).  There  is  no  other  compelling  reason  to  suppose  that  all  these  ma- 
terials called  filM'inoid  in  lupus  have  an  identical  origin.  Immunohistochemical 
(see  132),  histochemical  (133,  134)  and  pathological  (135)  studies  of  lesions 
associated  with  fibrinoid  change  in  various  diseases  indicate  that  they  are  not 
chemically  identical  in  all  cases.  Plasma  proteins,  in  lupus,  gamma  globulin, 
e\'idently  take  part  in  the  formation  of  fibrinoid  substances.  Of  their  possible 
reactivity  with  extracellular  components  of  the  connective  tissues,  where  these 
masses  are  often  found,  nothing  is  specifically  known,  but  the  possibility  that  a 
transudation  of  some  protein  from  the  blood  and  its  reaction  with  materials  of 
the  groimd  substance  accounts  for  fibrinoid  alteration  of  the  connective  tissue 
has  been  put  forward  (135,  136).  It  is  not  improbable  that  among  the  various 
tissue-reactive  components  in  lupus  serum,  some  will  be  found  which  combine 
with  some  of  the  still  incompletely  defined  protein  and  polysaccharide  materials 
constituting  the  connective  tissue  ground  substances. 

The  significance  of  these  serological  and  histological  changes  for  the  under- 
standing of  the  whole  morbid  process  in  lupus  remains  to  be  elucidated  (137), 
but  it  is  already  clear  that  disclosures  made  in  pursuit  of  an  understanding  of  the 
L.E.  phenomenon  and  the  tissue  lesions  of  systemic  lupus  erythematosus  have 
assumed  a  more  general  importance  in  pathology,  and  promise  to  have  ever- 
widening  implications  in  lupus  and  in  other  related  systemic  diseases. 
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Alterations  of  cellular  con.stituents  of  the  blootl  tluring  the  ('(Uirse  of  systemic 
lupus  erythematosus  have  been  recognized  since  the  earliest  descriptions  of  the 
disease.  Changes  in  the  plasma  proteins  were  not  recognized  until  much  more 
recent  times,  and  it  is  only  since  the  description  of  the  L.E.  cell  phenomenon  that 
the  possible  pathogenetic  importance  of  the  plasma  protein  abnormalities  has 
been  emphasized. 

Several  excellent  recent  reviews  have  discussed  the  blood  changes  in  S.L.E. 
Complete  compilations  of  the  world  literature  may  be  found  in  several  recent 
monographs  (1-5).  No  effort  to  duplicate  these  contributions  will  be  made  here. 
Rather,  the  present  communication  will  limit  itself,  on  the  basis  of  the  pertinent 
literature,  and  personal  experience,  to  discussion  of  those  changes  in  the  blood 
proteins  and  formed  elements  which  have  particular  clinical  or  pathogenetic 
importance. 

RED  CELLS 

Historically,  anemia  was  the  first  hematic  manifestation  of  S.L.E.  to  be  recog- 
nized ;  it  is  mentioned  in  the  earliest  clinical  descriptions  of  the  disease  by  Kaposi 
(6).  Most  patients  with  S.L.E.  are  more  or  less  anemic  when  first  examined. 
Anemias  associated  with  S.L.E.  can  be  broken  down  pathogenetically  into  three 
types;  in  a  given  patient  at  a  given  time,  one,  two,  or  all  three  mechanisms  may 
be  at  work.  The  first  type,  which  is  almost  universally  operative,  is  normo- 
chromic or  slightly  hypochromic,  mild  or  moderately  severe  with  normal  or 
diminished  reticulocytes  and  an  apparently  active  bone  marrow.  Although  no 
physiologic  studies  of  this  anemia  have  been  published,  there  seems  no  reason 
to  believe  that  it  differs  in  any  respect  from  the  anemia  associated  with  other 
systemic  diseases  (arthritis,  cirrhosis,  tuberculosis,  neoplastic  disease)  (7).  Bone 
marrow  depression,  due  in  large  part  to  a  disturbed  protein  metabolism  and 
diminished  hemoglobin  synthesis  associated  with  constitutional  illness,  is  the 
major  ca,use  of  this  anemia.  There  is  also  a  hemolytic  component;  red  cell  life 
span  averages      to  %  of  normal. 

A  second  cause  for  anemia  in  S.L.E.  is  the  more  specific  bone  marrow  de- 
pression associated  with  azotemia.  This  is  (jrdinarily  a  feature  of  late  stages  of  the 

*  Aided  by  a  grant  (A-221)  from  the  USPHS,  National  Institute  of  Arthritic  &  Metabolic 
Disea.se,  and  in  part  by  the  Albert  A.  List,  Frederick  Machlin  and  Anna  Ruth  Lowenberg 
Funds. 
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disease,  \vlu>n  adxanced  renal  disease  has  become  prominent.  Recent  studies 
su5j;o;est  that  the  lx)ne  marrow  hypoplasia  of  azotemia  may  be  due  to  lack  of  pro- 
duction of  the  specific  erythropoietic  stimulating  factor  ("erythropoietin"); 
here  too,  there  is  a  hemolytic  component  to  the  anemia  (8) . 

Finally,  the  full-blown  picture  of  acquired  hemolytic  anemia  may  occur.  This 
is  usually  an  early  manifestation  of  the  disease,  and  is  in  fact,  the  presenting 
manifestation  in  about  five  per  cent  of  cases.  It  does  not  differ  clinically  or  in 
pathologic  physiology  from  other  accjuired  hemolytic  anemias,  with  jaundice, 
splenomegaly  and  severe  anemia  as  outstanding  features.  In  almost  all  cases  it 
is  possible  to  demonstrate  globulin  "coating"  of  the  patient's  red  cells  by  means 
of  the  direct  anti-globulin  technique;  "autoantibodies",  usually  of  the  "warm" 
type,  may  be  demonstrable  in  the  serum.  These  patients,  despite  extremely 
active  hemolysis,  do  not  have  hemoglobinuria.  Very  rarely  another  type  of 
hemolysis  occurs  in  which  no  serologic  mechanism  can  be  demonstrated,  and 
in  which  hemoglobinuria  is  prominent. 

Treatment  of  anemia  in  a  patient  with  S.L.E.  is  only  important  when  the 
anemia  is  the  major  manifestation  of  the  disease;  this  in  fact  only  occurs  either 
in  the  chronically  anemic  patient  or  in  one  with  a  severe  hemolytic  process. 

In  the  case  of  the  anemia  of  azotemia,  no  treatment  other  than  blood  trans- 
fusion is  apt  to  be  effective  at  the  present  time.  Erythropoietin  is  not  available 
in  a  form  suitable  for  administration  to  humans;  if  and  when  such  a  preparation 
becomes  available,  it  may  be  of  great  value  in  this  situation. 

Blood  transfusion  in  any  patient  with  S.L.E.  should  only  be  resorted  to  only 
under  the  most  pressing  indications.  A  tendency  to  form  antibodies  to  blood 
group  substances  which  are  not  usually  strongly  antigenic  (i.e.,  factors  like  those 
in  the  Kidd  and  Duffy  systems  and  the  minor  Rh  types)  is  characteristic  of  this 
disease  (9-10).  The  number  of  stimuli  by  these  substances  should  therefore  be 
kept  at  a  minimum  for  each  patient.  ^> 

In  the  patient  with  hemolytic  anemia,  treatment  with  ACTH  or  corticosteroids 
is  usually  very  effective,  with  rapid  decrease  in  the  rate  of  hemolysis  and  im- 
provement of  hemoglobin  level.  Blood  transfusion  here  must  be  restricted  to 
the  patient  whose  hemoglobin  is  dangerously  low.  In  addition  to  the  considera- 
tions discussed  in  the  preceding  paragraph,  the  rate  of  hemolysis  in  the  actively 
hemolyzing  patient  is  directly  related  to  the  concentration  of  red  blood  cells,  so 
that  transfusion  often  defeats  its  own  purpose. 

WHITE  CELLS 

Persistent  leukopenia  is  mentioned  prominently  in  most  discussions  of  hematic 
changes  in  S.L.E.  Reduction  in  the  number  of  white  cells  is,  however,  rarely  of 
high  degree.  Neutropenia  is  uncommon,  most  of  the  reduction  being  effected  by  a 
marked  lymphopenia.  Leukocytosis  occurs  in  response  to  infections,  pregnancy 
and  other  unknown  stimuli.  Before  the  advent  of  the  L.E.  cell  phenomenon  the 
leukopenia  of  S.L.E.  was  of  diagnostic  importance;  nowadays  a  low  white  blood 
count  would  be,  at  best,  a  lead  pointing  toward  S.L.E. 

Reliable  information  as  to  the  mechanism  of  the  white  cell  depression  of 
S.L.E.  is  lacking.  Several  investigators  have  found  evidence,  by  one  or  another 
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immunologic  tecliniquc,  of  "aiil ilcukocytic  anlilxjdics"  in  the  sera  of  patients 
with  S.L.P].  (11,  12).  Lapin,  usinfj;  an  extremely  meticulous  techni(|Ue,  finds  a 
very  hif^h  incidence  of  an  unidentified  sul)stanee  which  is  capable  of  inunohilizing 
and  killing  white  cells  (1.'^,  14).  One  difficulty  in  correlating  the  studies  of  these 
workers  with  the  clinical  facts  is  that  all  of  them  have  used  p()lymori)honuclear 
leukocytes  as  substrate  cells,  while  the  striking  cytopenia  of  S.L.K.  involves  the 
lymphocytes. 

In  summary,  leukopenia  (lymphopenia)  is  very  common  in  S.L.E.,  but  is  of 
little  physi(jlogic  importance,  of  limited  diagnostic  value  and  of  unknown  origin. 

PLATELETS 

Slight  to  moderate  thrombocytopenia  is  common  in  S.L.E.  Fifty  per  cent  or 
more  of  patients  show  some  degree  of  platelet  depression  at  some  time  during 
their  course.  Severe  thrombocytopenic  purpura  is  not  common;  the  incidence 
in  The  Mount  Sinai  Hospital  series  is  only  5  per  cent.  It  may,  however,  be  the 
presenting  manifestation  of  the  disease;  such  was  the  case  in  one  of  our  patients. 

The  mechanism  of  thrombocytopenia  in  S.L.E.  is  not  clear.  Bone  marrow  ex- 
amination invariably  demonstrates  increased  numbers  of  megakaryocytes  show- 
ing poor  platelet  formation,  exactly  as  in  idiopathic  thrombocytopenic  purpura 
(ITP).  Since  several  studies  have  put  the  humoral  theory  of  ITP  on  a  firm  foot- 
ing, attempts  have  been  made  to  demon.strate  anti-platelet  "antibodies"  in  S.L.E. 
as  well  (15,  16).  Agglutination  and  anti-globulin  techniques,  although  successful 
in  the  hands  of  some  workers,  have  been  difficult  to  apply  and  haxc  gi\'en  ecjuivo- 
cal  results.  The  more  recent  use  of  anti-glol)ulin  consumption  tests,  and  precipitin 
and  complement  fixation  techniques  has  given  convincing  demonstrations  of  the 
presence,  in  S.L.E.  serum,  of  substances  capable  of  reacting  specifically  with 
human  platelets  (11).  Clarification  of  the  possible  role  of  such  substances  in 
causing  thrombocyt(jpenia  in  living  patients  has  yet  to  be  made. 

Severe  thrombocytopenic  purpura,  although  not  common,  may  occur  at 
any  time  during  the  course  of  the  disease  and  may,  on  occasion,  be  the  dominant 
dinical  manifestation.  The  management  of  thrombocytopenic  purpura  secondary 
to  S.L.E.  is  essentially  the  same  as  the  management  of  idiopathic  thrombocyto- 
penic purpura.  A  good  response  to  adrenocorticomimetic  hormones  may  be 
anticipated.  For  the  occasional  patient  with  severe  purpvn-a  with  few  other 
manifestations  of  S.L.E.  it  is  worth  noting  that  splenectomy  is  usually  an  effec- 
tive therapy.  A  recent  report  suggests  that  splenectomy  may  accelerate  the 
course  of  S.L.E.  but  such  has  not  been  the  general  experience  (17,  18).  At  The 
Mount  Sinai  Hospital  in  the  past  ten  years,  there  have  been  three  splenectomies 
for  thrombocytopenic  purpura  secondary  to  S.L.E.  In  all  three  cases,  permanent 
remission  of  thrombocytopenia  occurred.  One  patient  died  four  years  after 
splenectomy;  the  other  two  are  under  treatment  for  S.L.E.  four  and  eight  years 
respectively  after  operation. 

PLASMA  PROTEINS 

It  has  become  increasingly  apparent  in  recent  years  that  alterations  of  the 
plasma  proteins  are  of  great  significance  in  S.L.E.  These  alterations  involve, 
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ill  uscciuliiifi  order  of  proljahlc  importance,  fibrinogen,  albumin,  alpha  globulins 
and  gamma  globulins. 

Fibrinogen 

Increased  circulatory  concentration  of  this  protein  occurs  in  most  inflammatory 
conditions.  S.L.E.  appears  to  be  no  exception.  Hyperfibrinogenemia  is  probably 
the  major  contributing  cause  of  the  rapid  erythrocyte  sedimentation  char- 
acteristic of  the  disease;  other  clinical  or  pathogenetic  significance  is  doubtful. 

Albumin 

In  the  later  stages  of  S.L.E.,  and  especially  in  the  presence  of  significant  renal 
involvement,  a  reduction  of  the  plasma  albumin  is  noted.  This  is  frequently 
severe  enough  to  be  associated  with  edema;  the  nephrotic  syndrome  in  the  course 
of  S.L.E.  is  discussed  elsewhere  in  this  series  of  papers  (19). 

Hypoalbuminemia  in  S.L.E.  probably  represents  a  combination  of  two  lesions: 
failure  of  synthesis  associated  with  the  ravages  of  a  chronic  disease,  and  loss  into 
the  urine. 

Alpha  globulins 

It  is  possible  with  present  day  techniques,  to  distinguish  thirteen  individual 
alpha  globulin  fractions  in  human  serum,  but  the  significance  of  pathologic  vari- 
ations among  these  is  unknown  (20) .  Many  of  these  alpha  globulin  components 
contain  high  percentages  of  carbohydrate  and  hence  belong  to  the  group  of 
"glycoproteins"  or  "mucoproteins." 

There  is  little  question  that  there  are  profound  disturbances  among  this  group 
of  prf)teins  in  S.L.E.  Reiner  was  among  the  first  to  notice  elevation  of  the  alpha-2 
globulins  (21).  This  finding  has  subsecjuently  been  confirmed  by  others;  alpha-1 
globulin  increase  has  also  been  prominent.  Greenspan  has  found  a  high  level  of 
"mucoprotein"  in  patients  with  S.L.E.;  Boas  &  Soffer  found  high  serum 
hexosamine  levels  (22,  23).  Both  of  these  latter  findings  probably  involve  sub- 
stances in  the  alpha-globulin  group. 

The  single  most  important  quantitative  component  of  this  group  is  the  serum 
haptoglobin-  a  protein  (or,  more  probably,  series  of  proteins)  whose  variations 
in  disease  have  been  studied  by  Jayle  and  by  Allison  and  Blumberg  (24,  25). 
This  is  a  glycoprotein  which  has  the  ability  to  bind  hemoglobin;  it  has  been 
found  by  these  writers  to  be  elevated  in  a  variety  of  pathologic  states.  The  serum 
haptoglobin  has  been  found  to  be  elevated  in  twelve  out  of  fourteen  cases  of 
S.L.E.  (26). 

It  is  possible  that  these  alpha-globulin  deviations  in  S.L.E.  may  prove  to  be  of 
great  significance;  at  present  it  can  only  be  noted  that  they  exist. 

Gamma  globulins 

Profound  changes  in  the  plasma  gamma  globulins  occur  during  the  course  of 
S.L.E.  These  changes  are  quantitative  and  (lualitative.  There  is  usually,  at  the 
time  of  diagnosis,  a  definite  elevation  of  the  gamma  globulin  level;  as  the  disease 
progresses,  there  is  a  tendency  for  further  rise  (3,  27) .  Evidence  is  accumulating 
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tliat  these  f;;iiinina  j2;l()l)uliiis  are  cuiuposed  ol  numerous  \arieties  of  proteins 
resembling  antibodies  but  having  unusual  antl  aljnornuil  specificities. 

Disturbances  of  the  gamma  globulins  in  S.Ij.IO.  have  both  practical  and 
theoretic  importance,  and  so  deserve  consideration  at  length  here. 

Quantitative  Changes 

Characteristically,  the  gamma  globulin  level  is  high  (27).  This  may  be  de- 
tected clinically  by  electrophoresis  or  by  Kunkel's  zinc  sulfate  turbidity  (28). 
The  finding  is  almost  universal  and  so  of"  some  diagnostic  importance.  Occa- 
sionally, however,  normal  or  low  gamma  globulin  is  found.  This  usually,  if  not 
always,  is  associated  with  considerable  renal  involvement.  It  is  possible  that 
hypogammaglobulinemia  in  S.L.E.  with  nephropathy  is  due  entirely  to  urinary 
loss  of  gamma  globulin;  however,  observations  on  one  patient  lead  us  to  believe 
tliat  this  simple  explanation  is  inadequate. 

Elevation  of  gamma  globulin,  as  well  as  hypoalbuminemia  and  hyperfibrino- 
genemia,  contril)utes  to  the  rapid  rate  of  erythrocyte  sedimentation  which  is 
usually  found  in  this  disease.  This  constellation  of  plasma  protein  changes  is 
probably  also  responsible  for  the  abnormal  "liver  function  tests"  (cephalin- 
cholesterol  flocculation  and  thymol  turbidity)  which  are  characteristically 
found  (29).  The  p-toluene  sulfonic  acid  test  recently  described  by  Jones  & 
Thompson  is  another  flocculation  reaction  which  probably  has  the  same  degree 
of  specificity  (30,  31). 

Qualitative  Changes 

When  tested  by  ordinary  physico-chemical  methods,  the  plasma  gamma 
globulins  of  S.L.E.  do  not  beha^'e  abnormally.  Electrophoretically  and  chroma- 
tographically,  they  are  normally  heterogeneous  (32)  in  contrast  with  the  homo- 
geneous paraproteins  of  myeloma  or  Waldenstrom's  syndrome.  In  the 
ultracentrifuge,  the  vast  preponderance  sediments  with  a  Svedberg  number  of 
7  and  usually  only  a  normally  small  proportion  has  a  sedimentation  constant  of 
19  (33).  Despite  an  early  report  suggesting  that  S.L.E.  gamma  globulins  have 
specific  antigenicity  subsequent  efforts  by  .several  grovips  to  demonstrate  this 
have  failed  (33-35).  It  now  seems  most  likely  that  S.L.E.  gamma  globulin  cannot 
be  distinguished  from  other  human  gamma  globulin  by  its  antigenicity  for  other 
animals. 

With  regard  to  their  antibody  content,  however,  S.L.E.  gamma  globulins 
exhibit  the  most  striking,  unusual  and  abnormal  behavior.  Chief  among  the 
antibody  (or  antibody-like)  activities  which  have  been  studied  is,  of  course,  the 
L.E.  cell  factor.  In  addition,  patients  with  S.L.E.  exhibit  several  other  gamma 
globulins  which  act  like  abnormal  auto-antibodies.  Finally,  there  is  suggestive 
evidence  of  a  distortion  of  antibody  response  to  antigens  of  external  origin. 

These  cjualitative  abnormalities  of  the  gamma  globulins  in  S.L.E.  will  be 
discussed  in  some  detail,  .since  they  have  considerable  interest  both  for  the 
clinician  and  for  the  investigator. 

L.E.  CELL  PHENOMENON 

In  1948  Hargraves  and  his  a.ssociates  reported  the  presence  of  an  abnormal 
leucocyte  in  the  bone  marrow  aspirate  from  patients  with  S.L.E.  (36).  The  cell 
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was  a  phagocyte  containing  a  lioniogeneous  inclusion  body  which  stained  reddish 
bkie  with  azure-eosin.  Because  of  its  unique  appearance,  the  frequency  with  which 
it  was  found  in  S.L.E.,  and  its  apparent  specificity,  the  cell  and  its  inclusion  body 
was  named  the  "L.E.  cell." 

The  L.E.  cell  phenomenon,  more  than  any  other  clinical  or  laboratory  char- 
acteristic of  the  disease  commands  the  attention  of  physicians  and  research 
workers  for  three  reasons.  First,  because  it  is  of  great  diagnostic  value.  Second, 
it  is  a  phenomenon  reproducible  in  vitro  and  thus  easily  amenable  to  laboratory 
analysis.  Finally,  the  factor  responsible  for  L.E.  cell  formation  may  play  a  role 
in  the  clinical  course  of  the  disease. 

Description  of  the  L.E.  Cell 

The  morphologic  and  tinctorial  criteria  are  as  follows:  The  presence  of  one 
or  more  inclusions  in  a  phagocyte,  usually  a  neutrophilic  leucocyte.  The  inclusion 
body  is  round  or  oval,  completely  homogeneous  and  compresses  or  displaces  the 
phagocyte  nucleus  to  the  periphery.  When  stained  with  azure-eosin  the  inclusion 
body  is  a  pale  blue  with  a  more  or  less  pink  component.  It  must  be  distinguished 
from  nucleophagocytosis  in  which  the  inclusion  may  be  an  intact  nucleus  or  an 
entire  cell,  and  in  which  the  nuclear  inclusion  takes  a  deep  blue  stain  with  identi- 
fiable chromatin  structure.  It  must  be  distinguished  from  erythrophagocytosis 
in  which  the  inclusion  body  has  no  blue  color  (the  use  of  dark  blue  filters  can 
make  this  distinction  difficult). 

Associated  constantly  with  L.E.  cells  in  positive  preparations  are  two  other 
phenomena,  "rosettes"  and  "free  L.E.  bodies."  Rosettes  are  aggregates  of  leuco- 
cytes which  surround  a  degenerating  cell  or  a  portion  of  nuclear  material.  "Free 
L.E.  bodies,"  or  "globs,"  are  extracellular  fragments  varying  in  diameter  from 
about  three  microns  up  to  ten  to  fifteen  microns  and  having  the  appearance  and 
staining  characteristics  identical  with  those  of  the  inclusion  body  of  the  L.E. 
cell.  In  deciding  whether  or  not  a  given  L.E.  cell  preparation  is  positive,  although 
"rosettes"  and  "globs"  are  suggestive,  they  are  not  sufficient  by  themselves 
since  a  variety  of  non-specific  artefacts  can  produce  them. 

Incidence  of  Positive  L.E.  Cell  Preparation  in  S.L.E. 

The  L.E.  cell  phenomenon  has  been  demonstrated  in  from  forty  to  one  hundred 
per  cent  of  patients  with  S.L.E.  (37).  The  more  recent  series,  however,  list  figures 
well  over  ninety  per  cent.  The  higher  percentages  are  in  part  the  result  of  tech- 
nical factors:  improved  methods  and  more  tests  per  patient.  They  may  also,  in 
some  instances,  reflect  the  clinician's  increasing  dependence  upon  the  test  as  a 
criterion  for  the  diagnosis.  Thus  any  assessment  of  the  frequency  of  the  L.E.  cell 
phenomenon  in  S.L.E.  is  limited  by  the  fact  that  there  is  no  other  absolute 
criterion  l)y  which  a  diagnosis  of  S.L.E.  can  be  made. 

Clinical  remissions,  whether  spontaneous  or  induced  by  steroid  therapy,  are 
generally,  but  not  always  associated  with  a  reduction  in  the  degree  of  positivity 
of  the  L.E.  cell  phenomenon.  However,  the  positivity  or  negativity  of  the  prepara- 
tion is  a  poor  index  of  the  clinical  status  of  the  patient  and  is  of  unreliable  prog- 
nostic value. 
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L.K.  Cell  S/xci licit!/ 

'i'lic  (Mily  lileraturo  on  the  L.K.  cell  mentions  ni;niy  dilTerenl  diseases  associ- 
ated with  positive  L.E.  cell  preparations.  As  expeiience  with  the  test  increased, 
the  number  and  variety  of  false  positive  tests  diminished,  and  one  must  assume 
that  the  early  instances  of  nonspecificity  were  probably  the  result  of  inadequate 
experience  with  the  test  or,  more  rarely,  the  coincidence  of  another  disease  and 
unrecognized  S.L.E. 

At  the  present  time  the  problem  of  "false"  positivity  is  restricted  to  a  few 
diseases  and  the  observations  are  made  and  reiterated  by  experienced  physicians, 
i'ositive  L.E.  cell  preparations  have  been  reported  in  liver  disease,  chronic 
hydralazine  toxicity  and  rheumatoid  arthritis. 

Liver  Disease 

A  search  of  the  a\-ailable  literature  reveals  less  than  fifteen  cases  of  positive 
L.E.  cell  preparation  in  patients  with  chronic  liver  disease  proved  by  biopsy 
(Laennec's  cirrhosis,  postnecrotic  cirrhosis  and  active  chronic  hepatitis  (37-42). 
Four  of  the  reported  cases  presented  clinical  or  postmortem  evidence  of  S.L.E. 
Another  three  cases  failed  to  disclose  evidence  of  S.L.E.  on  postmortem  ex- 
amination. Of  these,  however,  one  was  found  to  have  diffuse  myelomatosis;  no 
histo-chemical  studies  were  performed  to  determine  if  the  L.E.  cell  inclu.sions 
were  nucleoprotein  or  amyloid.  In  another  case  the  photograph  of  the  L.E.  cells 
was  not  convincing. 

Until  further  follow-up  reports  are  available  and  histochemical  and  serologic 
studies  are  performed,  the  occurrence  of  the  L.E.  cell  phenomenon  as  a  manifesta- 
tion of  liver  disease  must  be  viewed  with  skepticism. 

H  jjdralazine 

On  occasion,  the  syndrome  of  chronic  hydralazine  toxicity  is  indistinguishable 
from  S.L.E.  (48).  Li  all  cases  reported  cessation  of  drug  therapy  was  followed 
by  remission  of  the  syndrome.  No  spontaneous  exacerbations  are  reported;  no 
postmortem  examinations  are  reported.  In  some,  but  not  all  of  the  cases  there 
was  a  history  prior  to  drug  therapy  suggestive  of  S.L.E. 

The  L.E.  cell  phenomenon  in  these  cases  of  hydralazine  toxicity  is  indis- 
tinguishable by  conventional  methods  and  also  by  serological  and  histochemical 
techniques,  from  the  L.E.  cell  phenomenon  in  S.L.E. 

In  an  attempt  to  reproduce  the  syndrome  in  laboratory  animals,  Comens  ad- 
ministered the  drug  to  seven  dogs  (44).  Six  of  the  animals  are  reported  to  have 
developed  positive  L.E.  cell  preparations  and  on  postmortem  examination 
glomerular  lesions  were  found.  Examination  of  the  photographs  does  not  allow 
the  unequivocal  conclusion  that  the  cells  are  L.E.  cells.  It  would  be  of  great 
interest  to  repeat  the  experiment  in  order  to  study  the  sera  and  tissues  of  these 
dogs  by  the  latest  histochemical  and  serologic  methods. 

Rheumatoid  Arthritis 

The  L.E.  cell  phenomenon  is  positive  in  from  zero  to  twenty-seven  per  cent, 
of  patients  with  rheumatoid  arthritis  (37,  45-47).  Analyses  of  reported  series 
shows  that  those  series  with  a  high  percentage  of  positive  tests  contain  more 
cases  which  clinically  show  evidence  of  systemic  disease  suggestive  of  S.L.E. 
Those  with  a  lower  percentage  contain  more  cases  of  rheumatoid  arthritis  with 
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few  or  no  signs  of  extra-articular  disease.  It  appears  that  l)et\veen  the  extremes 
of  mild  rlievnnatoid  arthritis  and  acute  fatal  S.L.E.  there  exists  a  spectrum  of 
cases  which  display,  to  variable  degrees,  the  characteristics  of  both  diseases. 

In  rheumatoid  arthritis,  absolute  diagnostic  criteria  are  lacking.  Typical 
rheumatoid  arthritis  may  occur  as  a  manifestation  of  S.L.E. ;  and,  conversely, 
cardiac,  renal,  and  serous  membrane  lesions  have  been  described  in  rheumatoid 
arthritis. 

There  is  a  converse  to  the  existence  of  "false  positive"  L.E.  cell  tests  in  rheu- 
matoid arthritis.  Blood  from  patients  with  S.L.E.  sometimes  shows  the  presence 
of  the  "rheumatoid  factor."  The  "rheumatoid  factor,"  widely  held  to  be  specific 
for  rheumatoid  arthritis,  has  been  shown  by  Franklin  and  associates  to  be  a 
gamma-one  macroglobulin  (22  Svedberg  units)  (48).  The  same  or  similar  protein 
has  been  shown  to  occur  in  sarcoidosis,  kala-azar  and  liver  disease  (49).  It  thus 
differs  from  the  abnormal  gamma  globulins  of  S.L.E.  under  discussion  and 
belongs  to  a  different  class  of  proteins.  Its  biological  significance  is  obscure. 
Present  methods  for  its  identification  vary  widely  in  different  laboratories. 
Whether  positive  tests  for  rheumatoid  arthritis  in  cases  of  S.L.E.  are  due  to  the 
same  "rheumatoid  factor"  as  found  in  cases  of  rheumatoid  arthritis  is  not  clear. 

Thus,  interrelationships  between  S.L.E.  and  rheumatoid  arthritis  exist  on 
several  planes:  their  significance  cannot  yet  be  evaluated. 

L.E.  Cell  T('chtiiques 

Man}'  methods  for  demonstrating  L.E.  cells  have  been  published.  Each  tech- 
nique has  its  proponents  who  believe  it  more  sensitive  and  reliable.  Comparisons 
of  techniques  have  yielded  conflicting  results  and  there  is  no  unequivocal  evi- 
dence that  one  is  better  than  another.  Improperly  employed,  all  methods  will 
fail.  Without  begging  the  issue,  it  must  be  concluded  that  experience  and  facility 
in  performing  the  test  and  discrimination  in  reading  the  test  slide  are  more 
important  at  present  in  determining  relial)ility  and  sensitivity  than  is  the  par- 
ticular technique  employed. 

Certain  essentials  must  be  met  by  any  method.  Deliberate  traumatization  of 
the  substrate  cells,  either  chemical  or  physical,  increases  the  number  of  L.E. 
cells.  If  L.E.  plasma  is  employed  minimal  amounts  of  heparin  should  be  added 
since  excessive  concentrations  of  heparin  depress  or  prevent  the  formation  of 
L.E.  cells. 

Mechanism  of  the  L.E.  Cell  Phenomenon 

Within  a  short  period  of  time  after  the  original  observation  of  the  L.E.  cell 
phenomenon  (36),  it  became  apparent  that  the  phenomenon  could  be  demon- 
strated by  simple  in  vitro  techniques  and  that  the  essential  factor  contributed 
by  the  patient  with  S.L.E.  was  a  blood  gamma  globulin  substance  (50,  51).  It 
is  now  known  that  the  L.E.  cell  phenomenon  depends  upon  three  components. 
Blood  serum  oi-  plasma  of  a  patient  with  S.L.E.  containing  a  specific  gamma 
globulin  fraction,  the  L.E.  cell  factor,  when  incubated  with  substrate  leucocytes, 
converts  the  nuclei  into  swollen  amorphous  masses  that  are  then  engulfed  by 
viable  phagocytes  to  produce  L.E.  cells. 
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By  systenuitically  altering  the  coiupoiiciits  participatiiifi;  in  the  reaction,  it 
was  possible  to  define  tlie  necessary  conditions  tor  the  formation  of  the  L.E.  cells. 
L.E.  Cell  Factor 

The  L.E.  cell  factor  is  a  gamma  glohnlin.  On  starch  block  electrophoresis  the 
factor  migrates  with  the  faster  fraction  of  the  gammaglobulin.  On  ultra-centrif- 
ugation  the  factor  sediments  with  the  bulk  of  the  normally  occurring  gamma 
globulin  (7  S),  (33).  Chemical  separation  of  the  factor  from  serum  is  achieved 
by  employing  the  routine  methods  for  gamma  globulin  precipitation;  however, 
unless  the  method  is  a  "mild"  one  the  separation  is  attended  by  loss  of  activity. 
The  factor  is  heat  labile;  heating  serum  at  56°C.  for  one  hour  destroys  all  ac- 
tivity. The  factor  is  stable  indefinitely  once  frozen  but  activity  is  quickly  lost 
on  repeated  freezing  and  thawing  of  L.E.  serum. 

Substrate  Leucocyte 

Human  white  cells  and  dog  bone  marrow  cells  are  used  most  frequently  al- 
though cells  from  a  number  of  species  are  sensitive  to  the  factor.  Hematoxylin 
body  formation,  which  is  the  analogue  in  tissues  of  the  L.E.  cell  phenomenon, 
has  been  observed  in  postmortem  material  to  involve  all  types  of  cells  of  mesen- 
chymal origin  (52).  Epithelial  cell  nuclei,  both  normal  and  neoplastic,  have  been 
shown  to  be  susceptible  to  the  L.E.  cell  factor  (53,  54). 

Evidence  strongly  supports  the  hypothesis  that  an  intact  viable  leucocyte  is 
resistant  to  the  factor  since  chemical  or  physical  trauma  deliberately  inflicted 
increases  the  rapidity  of  L.E.  cell  formation,  the  number  of  L.E.  cells  per  total 
leukocyte  population  and  the  sensitivity  of  the  test.  Types  of  trauma  include: 
freezing  and  thawing,  mechanical  crushing  and  sieving  of  a  blood  clot,  mechanical 
disruption  by  glass  beads,  air  drying  on  a  microscope  slide  and  chemical  trauma 
with  (juinacrine  (54-60).  In  those  techniques  in  which  there  is  no  deliberate 
trauma,  the  long  incubation  period  probably  accounts  for  cell  alteration  because 
of  an  unfavorable  metabolic  milieu. 

Phagocytes 

Substrate  cells  once  acted  upon  by  the  factor  are  engulfed  by  viable  phago- 
cytes. Nothing  is  known  as  to  the  nature  of  the  stimulus  for  phagocytosis  except 
that  it  resides  in  the  substrate-serum  factor  complex.  Washed  free  of  the  L.E. 
serum  the  substrate  cells  will  still  undergo  phagocytosis  when  placed  in  contact 
with  suital)le  phagocytes. 

Biochemical  Basis  of  the  L.E.  Cell  Phenomenon 

The  L.E.  cell  phenomenon  demonstrates  the  existence  of  an  abnormal  gamma 
globulin  which  is  able  to  produce  morphologic  changes  in  leucocytes.  The  nature 
of  these  changes  and  the  mechanism  by  w'hich  they  are  produced  have  been  the 
subject  of  extensive  investigation.  These  investigations  have  been  conducted  in 
two  fields:  histochemical  and  serologic. 

The  histochemical  studies  are  extensively  reviewed  in  another  paper  in  this 
series;  they  will  only  be  summarized  very  briefly  here. 

In  their  first  report  on  the  L.E.  cell,  Hargraves  and  his  associates  stated  that 
the  inclusion  body  was  Feulgen  positive  and  hence  contained  desoxyribose 
nucleic  acid  (DNA)  (36).  Later  studies  of  the  tissue  hematoxylin  bodies  by 
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Klemperer  ami  his  associates  aiitl  of  the  L.E.  cell  inclusion  by  Lee,  Michael 
and  Vural  were  interpreted  as  showing  that  the  DNA  of  these  bodies  was 
partially  depolymerized  (51,  61).  Gueft  and  Laufer  then  found  that  the  protein 
content  of  the  L.E.  bodies  was  different  from  that  of  normal  nuclei  (02).  The 
histochemical  studies  have  now  culminated  in  the  work  of  Godman  and  Deitch 
(63,  64).  They  have  shown  that  leucocyte  nuclei  contain  increased  amounts  of 
protein  following  incubation  with  L.E.  cell  serum;  that  there  is  no  histochemical 
evidence  of  depolymerization  of  DNA;  and  finally  that  as  incubation  of  S.L.E. 
serum  with  nuclei  proceeds  nuclear  histone  seems  to  disappear. 

The  earliest  serologic  studies  after  the  demonstration  of  the  L.E.  cell  factor 
by  Haserick  and  Bortz  proceeded  from  the  supposed  histochemical  evidence  of 
DXA  depolymerization  (50).  These  studies  which  dealt  with  possible  relation- 
ships between  L.E.  cell  factor  and  depolymerizing  enzymes  (DXA-ase)  are  now 
only  of  histoi'ical  interest  (65,  66). 

The  modern  era  in  the  serologic  investigation  of  the  L.E.  cell  phenomenon 
was  ushered  in  by  the  studies  of  ]\Iiescher  and  Fauconnet  (67).  By  incubating 
S.L.E.  serum  with  large  quantities  of  leucocyte  nuclei  prior  to  performing  the 
L.E.  cell  test,  they  were  able  to  inactivate  the  serum.  They  further  demonstrated 
that  during  incubation  with  nuclei  detectable  amounts  of  gamma  glolnilin  were 
lost  from  the  serum.  These  findings  directed  Miescher  to  apply  to  this  system  the 
"antiglobulin  consumption"  test  (68).  With  this  technifjue,  material  eluted  from 
nuclei  previously  incubated  with  serum  containing  the  L.E.  cell  factor  was 
shown  to  contain  gamma  globulin.  Thus  the  gamma  globulin  lost  from  the 
.serum  w'as  demonstrated  to  have  been  bound  to  the  nuclei. 

Holman  and  Kunkel  showed  that  the  material  bound  to  the  nuclei  incu- 
bated in  S.L.E.  serum  was  itself  capable  of  inducing  the  L.E.  cell  phenomenon 
after  elution  frf)m  the  nuclei  (33).  They  further  found  that  the  reaction  between 
S.L.E.  gamma  globulin  and  nucleoprotein  fixed  complement. 

Seligmann  employing  the  Ouchterlony  agar  diffusion  techniciue,  observed 
precipitin  lines  when  S.L.E.  serum  diffused  into  purified  DXA  from  nucelo- 
protein  (69). 

Thus  it  became  increasingly  evident  that  the  application  of  immunologic 
methods  provided  a  fresh  and  fruitful  approach  to  the  analysis  of  the  gamma 
globulin  dysproteinemia  of  S.L.E. 

Subsequent  studies,  employing  serologic  and  precipitin  techniques  demon- 
strated that  S.L.E.  gamma  globulin  may  contain  several  components  character- 
ized by  their  affinity  for  different  substrates  (11,  35,  70-74).  One  component  is 
readily  absorbed  to  nuclei  and  nucleoprotein;  one  to  DN^A,  and  a  third  to 
histone.  The  affinity  for  nuclei,  nucleoprotein  and  DXA  is  not  restricted  to 
leucocyte  substance  but  can  be  demonstrated  with  nuclei  from  a  number  of 
organs  as  well  as  from  different  species.  The  components  are  not  all  constantly 
present  in  every  S.L.E.  serum  but  vary  from  patient  to  patient. 

The  L.E.  cell  factor  is  associated  with  the  gamma  globulin  component  which 
is  strongly  adsorbed  to  nuclei  and  nucleoprotein.  It  is  possible  that  the  L.E. 
cell  factor  is  not  a  single  physically  and  chemically  homogeneous  protein  but 
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rather  a  f!;i(>up  of  proteins  that  have  a  stroiifi;  affinity  for  nuclear  material. 
W'lietlier  it  can  be  bound  by  native  DNA  in  the  absence  of  the  protein  moiety 
remains  to  he  tested.  Strong  evidence  argues  against  the  possibihty  that  desoxy- 
riboiuu'lease  participates  in  the  reactions. 

OTHKK  AHXOHMAL  AXTI-BODY-LlKi:  GLOUULIXS 

False  Posit ii'c  Serologic  Tests  for  Si/philis  (S.T.S.) 

Until  the  recent  development  of  serologic  reactions  using  Treponema  pal- 
lidum as  the  antigen,  the  serologic  diagnosis  of  syphilis  was  based  on  the  reaction 
of  serum  with  an  antigen  derived  from  beef  heart.  The  common  occurrence  of 
false  positive  reactions  to  this  latter  antigen  in  sera  from  patients  with  S.L.P]. 
was  first  recognized  by  Coburn  and  Moore  in  1943  (75).  They  demonstrated  by 
elect rophoretic  sepai'ation  that  the  factor  in  S.L.E.  blood  was  predominately  in 
the  gamma  fraction  with  only  a  small  component  migrating  with  the  beta 
globulin  fraction.  A  further  distinction  was  noted  when  upon  heating  to  56°C. 
the  luetic  antiV)ody  decreased  in  potency,  while  the  factor  in  S.L.E.  blood  gained 
in  potency.  The  clinical  application  of  the  Treponema  Pallidum  Immobilization 
test  (T.P.I.)  now  provides  a  simple  and  certain  means  to  verify  this  difference. 

The  reported  incidence  of  false  positive  S.T.S.  in  S.L.E.  is  variable,  depending 
in  part  how  vigorously  the  search  is  pursued.  When  batteries  of  tests  are  per- 
formed and  the  T.P.I,  test  employed  to  exclude  syphilis,  the  incidence  ranges 
between  twenty  and  thirty  per  cent. 

In  the  latest  available  long  term  follow-up  of  individuals  who  have  the  false 
reactor  substance,  there  were  reported  148  cases  followed  from  one  to  twenty 
years  (76).  Ten  per  cent  of  the  number  developed  S.L.E.;  seven  per  cent  de- 
veloped I'heumatoid  arthritis;  and  forty-five  per  cent  had  evidence  of  S.L.E. 
or  a  "collagen  vascular  disease".  Stress  is  laid  upon  the  observation  that  an 
individual  may  develop  a  false  positive  S.T.S.  years  before  there  is  clinical  or 
laboratory  evidence  of  S.L.E. 

Circulating  Anticoagulant 

Many  reports  have  noted  the  appearance  of  a  bleeding  disorder  in  S.L.E. 
distinct  from  thrombocytopenia.  In  all  the  reported  cases  this  has  been  due  to 
the  presence  of  a  substance  in  the  affected  plasma  which  inhibits  the  second 
stage  of  blood  coagulation,  namely  the  conversion  of  prothrombin  to  thrombin 
by  thromlxjplastin  (77-81).  The  abnormality  appears  to  reside  in  the  gamma 
globulin.  Whether  it  combines  with  thromboplastin  or  prothrombin  to  accomplish 
its  end  is  not  clear  (78,  79).  Possibly  anticoagulants  in  different  patients  have 
somewhat  different  specificities.  In  any  case,  this  material  appears  to  l)e  another 
of  the  abnormal  antibody-like  substances  which  characterizes  S.L.E. 

The  circulating  anticoagulant  of  S.L.E.  occurs  most  frequently  in  minimal 
sub-clinical  concentration.  In  The  Mount  Sinai  Hospital  series,  over  twenty 
per  cent  of  patients  tested  showed  some  abnormality.  In  only  one  case  however, 
could  clinical  bleeding  be  ascribed  definitely  to  its  presence.  An  anticoagulant 
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of  this  specific  type  is,  lK)wever,  of  diagnostic  importance,  since  it  has  very  rarely 
been  reported  in  other  conchtions. 

Anti-RBC,  WBC  and  Platelet  Substances 

These  have  been  discussed  in  the  section  on  hemocytologic  changes.  They 
occur  with  great  freciuency  in  S.L.E.,  but  so  far  have  not  been  differentiated 
from  similar  activities  occurring  in  other  diseases. 

DISCUSSION 

The  manifestations  of  S.L.E.  in  the  blood  are  thus  seen  to  be  manifold  and 
profound.  All  cellular  components  and  most  of  the  protein  fractions  are  some- 
times or  always  involved.  Which,  if  any  of  these  disturbances  are  of  fundamental 
importance? 

The  cytologic  disturbances  can  be  dismissed  in  this  regard,  since  they  are 
always  symptomatic.  Hyperfibrinogenemia  and  hypoalbuminemia  likewise  can 
be  ascribed  to  known  or  suspected  mechanisms  and  hence  placed  in  their  roles 
as  secondary  phenomena.  Alterations  of  the  alpha  globulins  may  be  of  very 
great  importance  pathogenetically,  but  what  we  know  of  them  so  far  indicates 
that  in  S.L.E.  they  follow  a  pattern  similar  to  that  seen  in  some  other  chronic 
diseases:  lymphomas,  tuberculosis,  rheumatoid  arthritis. 

Gamma  globulin  abnormalities  characteristic  of  S.L.E.  are,  however,  unicjue; 
it  is  possible  to  establish  the  diagnosis  from  a  sample  of  blood  entirely  on  the 
basis  of  its  content  of  specific  abnormal  "auto-antibodies".  So  far,  the  list  of 
anti-substances  includes  proteins  active  against  DXA,  DXA-hi.stone,  histone, 
cell  nuclei,  leukocytes,  platelets,  red  blood  cells,  thromboplastin,  and  beef  heart 
antigen.  This  profusion  of  antibody-like  activities  directed  against  "antigens" 
which,  for  the  most  part,  are  normal  body  constituents,  gives  rise  to  speculation 
in  two  distinct  directions. 

First,  the  clearly  demonstrable  in  vivo  effects  of  the  "auto-antibodies"  so  far 
described  are  very  few  and  relatively  unimportant.  Such  relationships  as  the 
anti-RBC  factor  in  hemolytic  anemia,  anti-platelet  factor  in  thrombocytopenia 
and  anti-coagulant  in  hemorrhagic  disorders  are  fairly  clear  but  of  peripheral 
interest.  The  L.E.  cell  factor  (or  factors)  has  not  been  shown  to  have  any  phj'sio- 
logic  effects  in  vivo.  Nevertheless,  the  existence  of  this  multitude  of  anti-sub- 
stances leads  one  to  suspect  that  many  other  analogous  proteins  may  exist.  A 
circulating  substance  active  specifically  against  glomerular  basement  mem- 
brane might,  if  it  could  be  demonstrated,  provide  a  partial  explanation  of  the 
nephropathy  of  S.L.E.  Similarly,  an  antisynovial  membrane,  or  anti-hyaluronic 
acid  might  define  the  arthropathy  of  this  disease.  Attempts  to  demonstrate  these 
or  other  activities  which  might  have  important  pathogenetic  effects  should 
clarify  the  question  of  whether  the  "auto-antibody"  theory  of  S.L.E.  has  any 
validity. 

The  second  line  of  speculation  concerns  more  fundamental  matters.  If  one 
accepts,  for  the  moment,  that  "auto-antibodies"  are  the  immediate  causes  of  the 
manifestations  of  S.L.E.  (a  statement  clearly  not  proved  on  the  basis  of  present 
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kiKiwlcdf^c  nldiic)  the  I'cal  i)i'(ililciii  in  S.l..lv  coiiccriis  the  i)i(i(liicl  idii  nf  "jiiito- 
.iiitilxKlies."  It  lias  hccn  siifijgcstcd  that  rciJcalcd  si iimihil ion  by  l)act('iial  iu- 
Icctioii  may  ovontually  ^ixe  rise  to  a  spectrum  of  ant i-l)acterial  antibodies 
anionji;  which  may  be  an  ant i-l)actei'iabn\A ;  and  that  with  t'ui'lhei'  stimulation 
the  anti-bacterial-DXA  (le\('loi)s  broader  specificity  so  that  eventually  an  anti- 
any-DXA  is  i)roduced  (II).  Broadening  of  antibody  specificity  with  hyper- 
immunization  is  something  which  has  been  demonstrated  in  animals.  An  altorna- 
ti\'e  hypothesis  would  invoke  a  metal)()lic  defect  of  the  antibody-forming  tissues 
which  results  in  suV)tle  distortions  of  antibody  response.  A  streptococcal  antigen 
might,  l)ecau.se  of  faulty  ribo.se  nucleic  acid  synthesis  in  the  host,  invoke  an 
antibody  not  against  the  .streptococcus  it.self,  Init  against  something  (|uite  differ- 
ent-thromboplastin,  for  iu.stance. 

A  numl)er  of  hypotheses  intermediate  between  these  extremes  might  ea.sily 
be  tailored  to  fit  the  pitifully  few  facts  aA'ailable.  The  design  of  experiments 
which  might  help  to  define  the  problem  more  clearly  is  difficult,  since  so  little  is 
known  of  mechanisms  of  normal  antibody  .synthesis.  One  problem  which  de- 
mands investigation,  however,  concerns  the  response  of  8.L.E.  patients  to  se- 
lected hetertjlogous  antigens. 

In  conclusion,  mmiei'ous  studies  over  the  past  eight  years  have  demonstrated 
that  in  S.L.E.  a  large  variety  of  antil)ody-like  svibstances  occur  which  have  indi- 
\-idual  specificities  against  many  different  normal  body  constituents.  That  these 
antibody-like  proteins  are  the  direct  cause  of  the  important  clinical  and  anatomi- 
cal manifestations  of  the  disease  is  an  attractive  hypothesis  for  which  proof  is  so 
far  lacking.  Finally,  should  overwhelming  evidence  for  this  hypothesis  l)e  forth- 
coming, the  fundamental  problem  in  S.L.E.  will  be  the  discovery  of  the  reason 
for  abnoi'mal  antibody  production. 
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IXTRODUCTIOX 

This  essay  is  devoted  to  the  clinical  depiction  of  systemic  lupus  erythematosus 
(S.L.E.).  Discussion  concerning  the  pathology,  the  hematic  disturbances  and 
the  treatment  will  be  presented  by  other  contributors  in  the  present  symposium. 

Systemic  lupus  erythematosus  is  a  serious  constitutional  disorder  which  in 
fullest  efflorescence  usually  affects  the  skin,  mucosae,  serous  membranes,  small 
blood  vessels,  endocardivmi,  connective  tissue,  kidneys,  brain  and  blood.  Un- 
treated cases  ordinarily  are  fatal;  a  few  go  into  spontaneous  remission. 

The  cause  of  S.L.E.  is  unknown.  During  the  twelve  and  a  half  decades  which 
have  elapsed  since  the  earliest  descriptions,  the  disease  passed  from  the  realm  of 
dermatology  to  the  more  comprehensive  realm  of  internal  medicine  and  morbid 
anatomy.  At  present,  the  most  promising  studies  are  those  of  cytopathologists 
and  cytochemists  (I),  who  seem  likely  to  reveal  either  the  basic  cause  or  some 
of  the  fundamental  mechanisms.  Discovery  of  the  cause  will  inevitably  make 
possible  a  more  exact  delimitation  of  the  disease  than  can  be  given  today  and 
will  authoritati\'ely  resoh'e  the  question  of  the  relation  between  S.L.E.  and 
discoid  lupus  as  well  as  the  relation  between  S.L.E.  and  other  diseases  in  which 
connective  tissue  is  systematically  affected. 

DISCOID  LUPUS 

Inasmuch  as  there  are  competent  observers  who  maintain  that  S.L.E.  is  in 
some  way  akin  to  discoid  lupus,  the  latter  condition  will  be  described  here, 
although  it  is  properly  outside  the  scope  of  the  present  discussion. 

Chronic  discoid  lupus  erythematosus  is  a  disease  which  appears  in  the  form 
of  one  or  more  mildly  indiu'ated  scaly  reddish  phuiues.  Often  these  clear  in  the 
center  but  extend  at  the  margins.  The  central  cleared  area  tends  to  become 
atrophic  and  to  show  telangiectasia.  When  the  silvery  scale  is  lifted  it  typically 
brings  with  it  adherent  keratotic  plugs.  Obstruction  of  hair  follicles  and  sweat 
ducts  is  highly  characteristic.  The  lesions  show  marked  chronicity  but  may  heal 
and  leave  a  pigmented  residue.  The  commonest  site  of  occurrence  is  the  face, 
especially  the  cheeks,  but  also  the  nose,  ears,  and  lower  lip.  Lesions  may  occur 
symmetrically  on  the  cheeks  and  may  extend  over  the  bridge  of  the  nose,  pro- 
ducing a  conformation  like  the  shape  of  a  butterfly.  The  term  vespertilio  is 
often  used  in  European  descriptions  and  provides  a  welcome  alternative  designa- 
tion for  those  who  are  becoming  tired  of  the  conventional  lepidoptera.  The  scalp 
is  commonly  affected,  alopecia  being  a  frequent  consequence.  The  lesions  of 
chronic  discoid  lupus  may  spread  over  the  chest,  back  and  extremities,  producing 
the  so-called  chronic  disseminated  lupus  erythematosus.  This  is  less  common 

278 


CLINICATi  KKATUKES  OF  SYKTIOMIC  Lt'I'US  KllYTH KMATOSUS 


27!) 


than  the  circumsfribcd  \ari('ty.  'Vhv  lesions  retain  the  traits  of  the  chronic 
discoid  form. 

Dermatologists  also  recognize  special  types  of  hipus  known  as  hipus  erythema- 
tosus pi'ofundus  and  tumidus.  These  have  been  attributed  to  localization  of  th(! 
infiltrate  in  the  deeper  and  intermediate  layers  of  the  skin  respec^tively  (2). 

Constitutional  symptoms  are  rare  in  chronic  discoid  lupus.  In  chronic  dis- 
seminate lupus  symptoms  are  mild  and  consist  mainly  of  arthralgia  and  lassitude. 
Since  chronic  discoid  and  chronic  disseminated  lupus  tend  to  be  ignored  by 
internists  and  research  workers,  little  fundamental  information  is  available  as 
to  whate\'er  physiological  and  biochemical  disturbances  may  accompany  these 
diseases.  Montgomery  has  made  the  important  observation  that  in  one  third  of 
a  series  of  thirty  cases  of  acute  disseminate  lupus  erythematosus  the  disease 
started  as  the  chronic  discoid  type  (3).  Lejhanec  and  Lejhanec  reported  a  case 
of  what  was  probably  discoid  lupus  which  underwent  acute  exacerbation  (4) . 
Autopsy  disclosed  lesions  similar  to  those  often  encountered  in  S.L.E.,  viz., 
pneumonitis,  fibrinous  pleuritis,  and  verrucous  endocarditis.  In  some  cases  of 
discoid  lupus  Rein  and  Kostant  found  hyperglobulinemia  and  biologic  false 
positive  reactions  for  syphilis;  these  facts  lend  additional  support  to  the  belief 
that  discoid  lupus  may  be  related  to  S.L.E.  (5). 

SYSTEMIC  LUPUS  ERYTHEMATOSUS 

Incidence 

S.L.E.  most  often  occurs  in  young  wcjmen  but  it  has  been  found  also  in  children 
and  middle-aged  persons,  and  it  may  occur  in  males.  It  has  been  observed  re- 
peatedly in  Negroes  of  either  sex  ((>). 

There  is  a  marked  tendency  for  the  disease  to  appear  or  to  recrudesce  after 
the  patient  has  been  exposed  to  sunlight.  Hence  acute  cases  tend  to  be  relatively 
common  in  spi'ing  and  summer.  I']xacerl>ution  may  also  occur  after  exposure  to 
artificial  ultra-violet  rays.  Focal  infection  has  been  incriminated  but  not  con- 
victed. Allergic  persons  show  no  special  predisposition  to  S.L.E.  Haserick  has 
reported  a  few  examples  of  familial  occurrence  (7-9). 

The  Quarterly  Cumulative  Lidex  Medicus  lists  reports  of  the  di.sease  fi-om 
almost  every  covmtry  which  contributes  to  the  medical  literature,  Init  no  recent 
worldwide  analysis  of  geographical  disti'ibution  is  known  to  the  present  author. 
It  would  seem,  for  reasons  already  given,  that  such  analysis  should  emphasize 
the  parameters  of  solar  radiation,  cutaneous  pigmentation,  and  pei'haps  altitude. 
Study  of  a  generous  sample  of  case  reports  from  foreign  counti'ies  reveals  no 
regional  peculiarities  in  the  clinical  picture. 

Twenty  years  ago  .systemic  lupus  erythematosus  was  regarded  as  a  rarity  anrl 
cases  almost  always  found  their  way  to  staff  meetings  and  clinico-pathological 
conferences.  During  the  la.st  two  decades,  and  especially  during  the  last  five 
years,  the  disease  has  been  recognized  w-ith  greater  accuracy  and  ease  than  ever' 
before.  Diagnosed  cases  may  now  be  found  in  the  medical  service  of  any  large 
general  hospital  in  the  United  States. 

At  any  time,  months  or  years  after  its  debut,  discoid  lupus  may  flai"e  into 
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acute  S.L.E.  (10,  11).  This  fact  fortifies  the  opinion  that  the  two  diseases  are 
related.  At  present  it  is  not  known  whether  all  cases  of  discoid  lupus  are  suscep- 
tible to  acute  exacerbation.  Indeed,  the  transformation  is  uncommon.  Actinic 
radiation,  chrysotherapy  and  surgical  operations  are  usually  incriminated  as 
precipitating  causes  of  the  abrupt  changes  (12). 

Clinical  Features 

Since  S.L.E.  is  a  systemic  affliction  in  which  lesions  may  occur  in  many  dif- 
ferent organs  and  organ  systems,  individual  cases  show  great  diversity  in  onset 
and  evolution.  Often  the  presenting  symptoms  are  malaise,  lassitude,  low  fever, 
and  chilliness  or  true  chills.  The  case  thus  may  be  classified  among  fevers  of 
unknown  origin.  Another  C(jmmon  mode  of  onset  consists  of  fever  and  arthralgia, 
or  of  fever,  arthralgia  and  pleurisy.  In  other  cases  the  initial  symptoms  may 
assume  the  guise  of  nephritis  or  thrombopenic  purpura  or  hemolytic  anemia  or 
even  idiopathic  epilepsy.  Skin  lesions  may  make  their  appearance  at  any  point 
in  the  course  or  may  be  absent  during  the  entire  illness.  Fever  is  rarely  absent 
in  the  untreated  case  and  is  a  rough  index  to  the  acuteness  and  severity  of  the 
morbid  process. 

A  few  persons  have  been  found  who  appeared  to  be  in  good  health  but  who 
had  a  positive  Wassermann  or  Meinecke  test  without  history  or  physical  signs 
of  syphilis  and  with  negative  response  to  the  treponema  immobilization  test. 
It  has  been  shown  that  some  of  these  persons  later  developed  the  clinical  signs 
of  S.L.E.  (13). 

Although  the  fully  developed  case  of  S.L.E.,  like  the  early  case,  may  show  a 
predominance  of  symptoms  and  signs  referable  to  one  organ  system,  involvement 
of  several  systems  is  almost  invariable  in  late  stages.  The  unfortunate  victim 
usually  has  high  fever,  pleurisy  or  pericarditis,  pneumonitis,  widespread  cu- 
taneous eruptions,  mucosal  ulceration,  anemia,  and  azotemia.  To  this  complex 
agony  a  bacterial  complication  such  as  sepsis  or  bacterial  endocarditis  may  be 
superadded  not  long  before  the  end. 

In  the  pre-steroid  era  there  were  a  few  patients  in  whom  the  decline  of  the 
fever  and  the  fading  of  the  eruption  heralded  a  remission  which  might  last  for 
many  years.  Such  remissions  can  occur  repeatedly  in  a  single  patient.  It  was 
usually  thought  that  a  person  who  had  acute  S.L.E.  was  unlikely  to  live  more 
than  eighteen  months,  whereas  subacute  cases  might  be  protracted  to  about 
three  years.  Both  estimates  were  defeated  by  occasional  favorable  cases.  At  the 
present  time  it  is  l)elieved  that  steroids  will  force  acute  symptoms  into  clinical 
quiescence  but  there  is  no  unanimity  as  to  whether  these  drugs  prolong  life.  It  is 
my  impression  that  they  do.  An  especially  interesting  study  of  the  prognosis  of 
S.L.E.  will  be  found  in  the  paper  of  Merrell  and  Shulman  (14) 

Skin  and  Mucosae 

The  cutaneous  lesions  of  S.L.E.  are  extremely  varied;  this  fact  contributes 
alike  to  the  interest  of  the  problem  and  to  the  perplexity  of  the  physician.  The 
most  typical  lesion  is  an  elevated,  sharply  marginated  erythematous  area 
situated  on  the  malar  eminences  and  the  bridge  of  the  nose.  Confluence  of 
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these  iireus  produces  the  t'aiuiliur  Ixitterfly  or  hut  coiitoui-.  In  ncutc  cases  I  lie 
erythematous  areas  often  lack  sharp  delimitation,  especially  at  onset.  Erythema- 
tous lesions  frequently  appear  on  the  forehead,  ears,  eyelids,  chin,  and  the 
so-called  flush  area  of  the  neck  and  manubrial  ref2;ion.  The  redness  tends  to  stop 
at  the  frontal  hair-line  and  at  the  orbital  marfrins.  The  arms,  forearms,  trunk, 
palms,  and  soles  may  be  affected.  The  erythema  often  presents  a  distinct  vio- 
laceous or  lilac  hue,  especially  on  the  face.  The  appearance  may  be  that  of 
persistent  intense  redness,  hence  the  terms  eri/sipclas  pcrstans  faciei  and  erythema 
Persians  faciei,  used  by  the  great  dermatologists  of  the  past.  The  skin  of  the 
fingertips  and  that  around  the  nailbeds  tends  to  swell  and  turn  red  or  purple. 
Deep  tender  macules  may  appear  on  the  palmar  surfaces  of  the  terminal  phal- 
anges and  elevated  red  patches  are  formed  on  the  dorsa  of  the  fingers.  The 
erythematous  involvement  of  the  fingers  is  usually  greatest  at  the  distal  end. 

Petechiae  or  even  large  hemorrhages  may  be  found,  especially  on  the  extremi- 
ties. Occasionally  vesicular  or  bullous  lesions  complicate  the  scene.  It  is  not  rare 
for  the  eruption  to  have  the  characteristics  of  urticaria  or  erythema  multiforme 
(15).  Tumulty  has  reported  cases  of  S.L.E.  in  which  typical  erythema 
nodosum  was  present  and  several  which  resembled  scleroderma  (16).  Variety  is 
characteristic  of  any  group  of  cases  and  of  many  individual  cases.  Instances  have 
been  reported  in  which  the  skin  presented  nodular  lesions  like  papulonecrotic 
tuberculids  (17,  18).  The  scalp  may  be  affected  in  S.L.E.,  but  this  is  rare  (19). 

The  skin  lesions  itch  in  a  minority  of  cases.  Scaling  occurs  hut  is  neither 
frequent  nor  prominent. 

Subsidence  of  the  eruption  is  apt  to  leave  a  brownish  stain,  especially  on  the 
face.  Atrophy  and  telangiectasia  occur,  but  are  less  common  and  less  severe  in 
S.L.E.  than  in  discoid  lupus. 

It  is  important  to  recognize  that  involvement  of  the  skin  provides  no  index 
to  the  intensity  of  the  visceral  disease.  The  skin  may  be  clear  even  in  cases  which 
end  fatally  (20). 

In  cases  of  moderate  or  great  severity  the  mucous  membranes  are  usually 
affected.  Most  often  the  changes  take  the  form  of  shallow  ulcers  on  the  palate, 
fauces,  pharynx,  or,  much  less  often,  the  tongue;  erythema,  hemorrhage  and 
telangiectasia  may  be  present  at  the  same  time.  The  ulceration  may  l)e  com- 
plicated by  moniliasis.  The  lips  tend  to  become  swollen,  sore  and  crusted. 
Epistaxis  is  not  unusual.  The  ulcers  greatly  augment  the  suffering  and  also 
impede  the  administration  of  food  and  fluids.  Ulceration  of  the  genitalia  occurs 
and  is  often  overlooked. 

In  a  small  lumiber  of  cases  one  or  more  indolent  lesions  of  discoid  lupus,  of 
the  type  described  in  a  previous  paragraph,  may  be  present  for  years  before  the 
constitutional  symptoms  of  S.L.E.  make  their  debut.  In  such  cases  the  discoid 
lesions  tend  to  become  bright  red  and  engorged  when  the  acute  stage  supervenes. 

Joints 

Most  lupus  patients  have  arthralgia  at  one  time  or  another.  Pain  in  the 
joints  is  often  the  first  symptom  and  may  appear  years  before  any  other  com- 
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plaint  ;  it  is  apt  to  he  accompanied  by  mild  stiffness,  especially  of  the  fingers 
and  knees.  Pain  is  common  during  the  onset  of  acute  and  subacute  stages  of  the 
disease.  Frequently  the  joints  ache  without  tenderness  even  when  the  disease 
ai)pears  to  be  in  remission.  In  the  severe  cases  redness  and  synovial  effusions 
develop;  hence  the  erroneous  diagnosis  of  acute  rheumatic  fever  may  be  offered. 
Periarthritis,  tenosynovitis,  and  myositis  are  common. 

Harvey,  et  al.,  have  noted  that  even  the  temporo-mandibular  joint  may  be 
involved  (21).  This  detail  should  be  of  special  interest  to  old  clinicians  who 
regard  temporo-mandibular  arthritis  as  evidence  of  Xeisserian  infection. 

The  appearance  of  the  joints  presents  no  special  traits  by  which  the  diagnosis 
of  S.L.E.  can  be  made.  The  synovial  fluid  may  yield  a  positive  L.E.  test.  Sup- 
puration and  ankylosis  are  not  part  of  the  clinical  picture. 

In  a  few  who  suffer  from  S.L.E.  the  joints  acquire  the  appearance  typical  of 
rheumatoid  arthritis.  In  such  cases  it  may  be  impossible  to  decide  whether  the 
patient  has  one  disease  or  two. 

Serous  Membranes 

Lesions  of  the  major  serous  membranes  are  conspicuous  in  the  morbid  anatomy 
of  the  S.L.E.  and  are  an  important  determinant  of  the  clinical  picture.  Acute 
fibrinous  pleuritis  with  pain  and  dyspnoea  occurs  in  a  large  proportion  of  the 
severe  cases.  Effusion  is  common.  Pericarditis,  somewhat  less  frequent  than 
pleuritis,  may  produce  small  or  large  effusions,  which  are  sometimes  loculated. 
Both  pleural  and  pericardial  fluid  may  yield  a  positive  L.E.  test  (22). 

The  abdominal  serous  membranes  are  not  exempt  from  the  disease.  To  this 
fact  is  asci'ibed  the  ill-defined  abdominal  pain  which  so  often  occurs.  In  some 
cases  the  morbid  process  manifests  itself  as  perisplenitis  or  perihepatitis,  charac- 
terized by  pain  and  tenderness  in  the  upper  abdominal  quadrants.  Acute  surgical 
tlisease  of  the  abdominal  viscera  may  be  simulated. 

Lymph  Nodes,  Spleen,  Blood 

General  adenopathy  is  frequently  but  not  invariably  present.  The  nodes  usually 
are  not  tender,  matter,  or  indurated.  The  adenopathy  may  occur  with  or  without 
mild  degrees  of  splenomegaly.  When  these  signs  are  accompanied  by  hemorrhagic 
phenomena  the  false  diagnosis  of  primary  blood  dyscrasia  may  be  hard  to  resist. 

As  previously  stated,  some  persons  whose  troubles  start  with  thrombopenic 
purpura  later  develop  characteristic  manifestations  of  S.L.E.  In  such  cases 
splenectomy  may  be  of  temporary  benefit  but  is  certainly  not  curative.  Throm- 
botic thrombopenic  piu'pura  has  been  suspected  of  being  a  congener  of  S.L.E. 
(23,  24). 

Leukopenia,  definite  but  not  extreme,  is  typical  of  S.L.E.  The  differential 
white  count  may  be  normal  or  may  be  shifted  to  the  left.  Haserick  observed 
that  in  the  severe  untreated  case  of  S.L.E.  eosinophiles  are  few  or  absent  in  the 
peripheral  blood  and  that  these  cells  appear  after  treatment  with  steroids  is 
begun  (7).  Leukocytosis  usually  signifies  intercurrent  infection  such  as  pneu- 
monitis, bacterial  endocarditis,  or  pyelonephritis.  Moderate  thrombocytopenia 
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and  hypochi'oinic  anemia  ar(>  i-cgularly  present,  'llie  sedimentation  rate  i« 
characteristically  elevated  and  is  apt  to  reach  extreme  levels  in  acute  cases. 
The  Wasserniann  and  Kahn  reactions  give  falsely  positive  results  in  a  large 
minority  of  cases.  Indeed  these  reactions  are  sometimes  positive  long  before  the 
advent  of  any  clinical  evidences  of  S.L.E.  Hypoalhuminemia  and  marked  hyper- 
gammaglobulinemia are  characteristic.  Transfusion  reactions  are  common. 
These  and  other  peculiarities  of  the  blood  (including  the  highly  specific  L.E. 
test)  are  described  in  detail  elsewhere  in  the  present  symposium  (25). 

Ca  rdioi  'o  sc  ular  Sijstrm 

A  variety  of  troubles  may  beset  the  heart  of  the  patient  with  S.L.E.  Inevi- 
tably the  fever  is  accompanied  by  simple  tachycardia,  but  at  times  the  heart 
rate  is  rapid  even  when  the  temperature  is  little  elevated.  Cardiac  failure  is 
unusual  but  may  occur  as  a  by-product  of  steroid  treatment.  The  pleural  effu- 
sions which  .so  frequently  supervene  are  due  to  inherent  disease  of  the  serosa 
and  not  to  passive  congestion.  Myocarditis  and  pericarditis  occur,  the  latter 
being  the  commoner.  The  pericarditis  of  lupus  presents  the  usual  clinical  phe- 
nomena, substernal  pain,  dyspnoea,  a  tendency  to  sit  with  the  trunk  bent  for- 
ward, and  the  usual  physical  and  electrocardiographic  signs.  Suppuration  and 
calcification  do  not  occur. 

A  blowing  apical  systolic  murmur  occurs  in  many  cases  of  S.L.E.  Careful 
retrospective  studies  have  shown  that  this  murmur  cannot  be  correlated  with 
the  presence  of  non-bacterial  verrucous  endocarditis,  i.e.  with  the  cases  which 
were  formerly  segregated  under  the  designation  of  Libman-Sacks  syndrome  but 
which  are  now  known  to  belong  under  the  rubric  of  S.L.E.  (26).  The  murmurs 
and  lesions  of  rheumatic  heart  disease  are  not  rare  in  cases  of  S.L.E.,  but  this 
appears  to  be  nothing  more  than  a  confusing  coincidence. 

In  a  small  number  of  cases  S.L.E.  is  complicated  by  acute  or  subacute  bac- 
terial endocarditis.  Such  patients  run  a  fulminating  course,  with  swinging 
"septic"  fever,  petechiae,  splenomegaly,  infarction  of  viscera,  and  positive  blood 
culture.  With  the  advent  of  antibiotics  and  steroids  such  cases,  never  very 
common,  are  presumably  becoming  rare. 

The  blood  pressure  in  S.L.E.  is  usually  normal  unless  such  complications  as 
pericardial  effu.sion  or  uremia  are  present.  Raynaud  phenomena  may  occur 
during  acute  S.L.E.  or  may  have  been  among  the  patient's  pre\'ious  illnesses 
long  before  the  emergence  of  the  S.L.E.  syndrome. 

Lungs 

The  lungs  are  freciuently  involved  in  S.L.E.  Often  the  picture  is  that  of  per- 
sistent or  migratory,  patchy  lobular  pneumonia,  usually  accompanied  l)y  pleu- 
ritis  and  effusion.  Ordinarily  the  pleuritic  .signs  and  symptoms  predominate 
over  the  pulmonary  but  this  rule  has  been  broken  in  several  reported  ca,ses  (27) . 

Dyspnea  is  extremely  common.  The  lungs  may  present  widespread  consolida- 
tion or  focal  infiltrative  lesions,  and  the  physical  signs  vary  accordingly.  Com- 
monly the  lesions  discovered  at  autopsy  are  more  extensive  than  the  physical 
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si}j;iis  had  indicated.  Roentgen  films  not  infrequently  reveal  mottled  and  streaked 
shadows  interpreted  as  subpleural  infiltrates  accompanied  by  areas  of  atelectasis. 
The  pleurae  may  show  local  thickening  and  small  or  large  effusions.  Ordinarily 
involvement  is  greatest  at  the  bases.  Roentgenologists  have  learned  to  suspect 
the  presence  of  S.L.E.  where  pleural  and  subpleural  lesions  are  present  simul- 
taneously (28).  Before  the  advent  of  steroids  the  pneumonic  lesions  of  S.L.E. 
were  tenacious  and  migratory.  When  pulmonic  infiltrates  are  discovered  in  a 
case  of  S.L.E.  it  is  extremely  and  obviously  important  to  exclude  tuberculosis  as 
the  cause;  occasionally  the  clinical  and  roentgen  appearances  have  been  in- 
decisive. Ordinary  bacterial  pneumonia  may  occur  in  S.L.E.  as  in  other  chronic 
diseases. 

Gastrointestinal  Tract,  Liver 

Little  is  known  about  the  behavior  of  the  gastrointestinal  tract  in  S.L.E.  It 
is  usual  for  lupus  patients  to  have  nondescript  abdominal  pain;  a  good  many 
have  intermittent  diarrhea.  In  some  instances  the  pain  is  almost  certainly  due 
to  lesions  of  the  peritoneum;  in  others  the  intestinal  vasculature  is  probably 
culpable.  Infarction  may  occur,  and  the  use  of  steroids  has  brought  with  it  occa- 
sional instances  of  perforation.  Usually  abdominal  and  gastrointestinal  symptoms 
in  S.L.E.  are  overshadowed  by  other  troubles.  Harvey,  et  al.,  have  described 
ulcerative  and  diphtheritic  esophagi tis  in  lupus  (21). 

Hepatic  symptoms  are  not  prominent.  Moderate  degrees  of  hepatomegaly 
are  common,  jaundice  is  rare.  Tests  for  hepatic  function  are  apt  to  be  vitiated 
by  the  hyperglobulinemia  which  is  characteristic  of  the  disease,  hence  the 
physician  must  use  his  own  naked  judgment.  Persistent  pain  and  tenderness  in 
the  hepatic  region  are  more  suggestive  of  periarteritis  nodosa  than  of  S.L.E. 

Kidneys 

The  kidneys  are  frequently  attacked  by  the  morbid  process.  Most  patients 
show  at  least  albuminuria  and  microscopic  hematuria.  Alternatively  the  syn- 
dromes of  acute  nephritis  or  nephrosis  present  themselves.  In  severe  cases  renal 
function  suffers  major  damage,  which  leads  to  typical  uremia  and  death.  As  in 
any  serious  constitutional  disease,  pyelonephritis  may  appear,  an  unwelcome 
addition  to  the  burden  of  the  patient  and  the  physician.  The  ocular  changes 
which  may  accompany  renal  disease  are  discussed  below. 

The  renal  component  of  S.L.E.  is  of  major  importance  because  it  is  refractory 
to  treatment,  even  by  steroids,  and  because  it  is  a  principal  immediate  cause  of 
death. 

Nervous  System 

A  variety  of  neural  and  psychic  disturbances  may  occur  in  S.L.E.  The  com- 
monest are  epileptiform  convulsions,  delirium,  and  psychotic  states,  especially 
schizoid  reactions  and  mania.  The  ingenious  discovery  of  the  L.E.  test  has 
made  it  pos.sible  to  recognize  S.L.E.  as  the  underlying  ailment  in  occasional  per- 
sons who  appeared  to  have  ordinary  idiopathic  epilepsy.  It  is  probable  that 
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conscientious  surveys  ot"  epileptic  und  schizophrenics  i)atieiits  will  disclose  small 
numbers  of  additional  cases.  It  is  also  not  unusual  for  convulsions  to  occur  in 
patients  with  S.L.E.  under  treatment  with  steroids.  Such  cases  understandably 
confuse  the  physician,  who  may  be  at  a  loss  to  decide  whether  the  convulsions 
are  caused  by  the  disease  or  the  drug.  At  the  present  time  opinion  inclines  toward 
continuing  the  steroid  treatment,  especially  if  the  brain  is  not  the  only  organ 
affected  by  the  disease,  but  anticonvulsant  drugs  must  often  be  added  to  the 
regimen. 

Other  neural  disturbances  observed  in  S.L.E.  include  peripheral  neuritis  (29), 
infarction  of  the  spinal  cord  (30),  and  meningitis,  especially  the  tuberculous 
variety. 

Eyes 

The  commone.st  ophthalmoscopic  findings  in  S.L.E.  are  hemorrhages  and 
the  so-called  cotton-wool  exudates.  The  hemorrhages  tend  to  occur  around  the 
retinal  vessels  and  to  be  flame-shaped.  Hemorrhages  in  the  vitreous  humor 
have  been  reported.  Cotton-wool  exudates  are  well  defined,  fluffy,  yellowish- 
white  deposits  situated  usually  in  the  posterior  half  of  the  fundus.  Cyclical 
changes  in  these  lesions  have  been  reported  (31).  Cotton-w'ool  exudates  may 
occur  independently  of  uremia;  they  are  apt  to  appear  in  lupus  patients  who 
have  cerebral  signs.  Papilledema  occurs  in  S.L.E.  but  is  rare;  peripapillary 
edema  is  common. 

Special  Problems 

S.L.E.  may  occur  coincidentally  with  many  other  diseases.  In  some  instances 
the  apparent  coincidence  is  merely  a  matter  of  erroneous  diagnosis;  in  others 
the  difficulty  proceeds  from  our  present  inability  to  define  the  concept  of  S.L.E. 
with  satisfactory  precision.  Thus,  as  has  been  stated  in  a  previous  paragraph, 
in  cases  where  S.L.E.  appears  to  be  coincidental  with  rheumatoid  arthritis,  the 
problem  may  be  impossible  to  resolve.  The  difficulty  is  almo.st  as  great  in  cases 
of  rheumatic  fever.  Lideed  the  case  of  a  young  negress  has  lieen  reported  in  which 
Sydenham's  chorea  was  followed  within  six  weeks  by  S.L.E.  Autopsy  revealed 
lesions  of  both  diseases  (32).  Other  ailments  which  have  been  reported  to  accom- 
pany S.L.E.  are  neoplasms,  Sjogren's  syndrome  (33),  meningitis,  and  tubercu- 
losis. The  latter  is  a  constant  but  not  insuperable  danger  during  steroid  treat- 
ment. As  previously  stated,  S.L.E.  may  be  complicated  by  l)acterial  endocarditis 
and  also  by  visceral  or  peripheral  thrombosis  and  embolism,  otitis  media, 
abscesses  of  the  skin,  and  parotitis. 

It  has  been  demonstrated  that  sufTerers  from  S.L.E.  may  undergo  major  and 
minor  surgical  operations  safely  (34).  Splenectomy  has  often  been  performed 
without  immediate  ill  effect.  Post-operative  problems  in  S.L.E.  are  as  likely  to 
be  caused  by  the  steroids  as  by  the  basic  disease. 

Much  has  been  written  about  pregnancy  in  cases  of  S.L.E.  but  most  of  the 
information  available  dates  from  the  pre-steroid  era.  In  a  few  cases  the  skin 
lesions  disappeared  during  pregnancy  but  reappeared  aftei-  parturition  (35). 
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It  is  the  general  opinion  that  in  most  cases  acute  S.L.E.  is  affected  favorably  by 
pregnancy  but  tluit  tlie  risk  of  fetal  death  is  high.  Most  authors  regard  abortion 
as  iniwarranted. 

DIAGNOSIS 

The  diagnosis  of  S.L.E.  is  beset  with  numerous  difficulties.  These  have  been 
alleviated  but  not  dispelled  by  the  discovery  of  the  L.E.  test,  which  is  discussed 
elsewhere  in  the  present  symposium. 

As  in  so  many  other  areas  of  clinical  medicine,  the  first  diagnostic  act  should 
be  to  suspect.  A  large  variety  of  circumstances  should  lead  the  physician  to  think 
of  S.L.E.  These  include:  (a)  thrombopenic  purpura  or  hemolytic  anemia  not 
attributable  to  drugs  or  poisons;  (b)  biologic  false  positive  reaction  for  syphilis; 
(c)  continued  fever  of  unknown  origin;  (d)  arthralgia,  especially  when  accom- 
panied by  fever,  pleuritis,  pericarditis,  pneumonia,  cutaneous  eruptions,  or 
abnormal  urine;  (e)  persistent  or  otherwise  exceptional  cases  of  pneumonitis. 
It  would  be  well  to  add  to  this  list  cases  of  rheumatoid  arthritis,  dermatomyositis, 
scleroderma,  idiopathic  epilepsy,  and  schizophrenia.  All  these  suspicions  are 
fortified  if  the  patient  is  a  young  woman  or  has  recently  been  exposed  to  actinic 
radiation  or  has  been  given  injections  of  gold  salts.  Suspicion  should  also  attach 
to  per.sons  who  have  sunburn  which  has  failed  to  clear  in  the  usual  time.  Any 
unexplained  devdations  in  persons  who  have  discoid  lupus  should  of  course  be 
subjected  to  careful  study. 

The  L.E.  test,  properly  performed,  rarely  yields  a  false  positive  result.  Such 
conditions  as  pernicious  anemia,  dermatitis  herpetiformis,  myeloma,  and  tu- 
berculosis have  been  reported  in  this  connection  but  not  all  such  instances  can 
be  accepted  unreservedly  (36).  The  principal  difficulty  is  provided  by  cases  of 
hydralazine  toxicity,  since  in  these  the  patient  may  have  fever,  abdominal  pain, 
polyserositis  with  effusion,  pneumonitis,  arthritis,  and  even  a  cutaneous  eruption 
and  hyperglobulinemia.  "Hydralazine  disease"  astonishes  rather  than  perplexes 
the  clinician,  since  the  use  of  the  drug  can  usually  be  recognized;  moreover 
hypertension  is  not  characteristic  of  S.L.E.  Another  source  of  trouble  is  the 
patient  to  whom  steroids  have  been  given  or  are  being  given  without  a  definite 
diagnosis.  It  is  now  well  known  that  the  use  of  steroids  makes  L.E.  cells  hard  to 
find;  indeed  some  physicians  maintain  that  L.E.  cells  disappear  during  steroid 
treatment.  In  such  cases  diagnosis  may  be  difficult  or  impossible  unless  the  use 
of  steroids  can  be  interrupted. 

There  are  also  untreated  cases  of  S.L.E.  in  which  lupus  cells  are  few  or  appear 
intermittently.  In  such  cases  the  hyperglobulinemia  and  the  abnormal  urine  may 
provide  sufficient  clarification  until  a  positive  test  can  be  obtained. 

Biopsy  of  the  skin,  muscles,  and  kidney  posses.ses  only  moderate  reliability. 
Apart  from  the  obvious  facts  that  the  procedure  is  no  more  reliable  than  the 
pathologist  who  executes  it,  and  that  not  all  pathologists  can  be  depended  upon 
to  recognize  the  histologic  picture,  the  microscopic  changes  of  S.L.E.  are  difficult 
to  detect.  These  changes  are  discussed  authoritatively  in  another  part  of  the 
present  symposium.  Biopsy  is  helpful — ^not  invariably — in  cases  where  the  diag- 
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noses  of  sclonHlorma,  periarteritis,  and  sarcoid  must  be  excluded.  Microscopical 
examination  of  spleens  excised  in  cases  of  thrombopenic  |)urpui'a  or  hemolytic 
anemia  occasionally  yields  definite  evidence  of  S.L.I'].;  hematoxylin  bodies, 
"onion-skin  lesions"  (periarterial  fibrosis)  and  peri-splenitis  should  be  looked  for 
dilifjsently. 
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SYSTEMIC  LUPUS  ERYTHEMATOSUS  IN  CHILDHOOD 
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INTRODUCTION 

The  incidence  of  systemic  lupus  erythematosus  (S.L.E.)  in  children  under  the 
age  of  fifteen  years  is  difficult  to  assess.  Descriptions  of  large  series  of  cases  of 
this  syndrome  in  adults  indicate  an  incidence  of  approximately  four  to  ten  per 
cent  in  children  in  this  age  group  (1,  2).  Individual  case  reports  are  few  (3-9); 
a  group  of  eleven  children,  however,  has  been  described  (10).  During  the  years 
between  1947  and  1958,  fifteen  patients  with  an  onset  of  S.L.E.  prior  to  the 
age  of  fifteen  years  were  studied  at  The  Mount  Sinai  Hospital. 

The  purpose  of  this  report  is  to  describe  the  syndrome  as  it  appears  in  this  age 
group  and  to  discuss  its  course,  prognosis  and  treatment.  Differences,  if  any, 
between  the  syndrome  in  these  children  and  in  adults  will  be  examined  and 
features  important  to  its  differential  diagnosis  will  be  emphasized. 

The  discovery  of  the  L.E.  cell  phenomenon  (11)  and  the  refinement  of  its  use 
as  a  diagnostic  technique  have  facilitated  the  recognition  of  this  .syndrome  (12- 
15).  The  availability  of  antimicrobial  drugs  and  hormonal  agents  has  apparently 
prolonged  the  life  of  some  patients  with  this  disease.  Accordingly,  a  greater 
familiarity  with  the  clinical  spectrum  of  S.L.E.  as  it  pertains  to  children  is 
essential  to  pediatricians. 

CLINICAL  MATERIAL 

The  fifteen  cases  of  S.L.E.  reviewed  in  this  report  include  fourteen  females 
and  one  male.  The  age  of  onset  varied  from  five  to  fifteen  years.  All  children 
were  of  the  white  race.  Nine  were  Jewish  and  four  were  of  Puerto  Rican  descent, 
this  being  a  reflection  of  the  patient  population  at  The  Mount  Sinai  Hospital. 

Two  patients  were  sisters  who  contracted  the  disease  within  two  and  one-half 
years  of  each  (jther.  Diagnosis  in  every  case  was  not  accepted  until  several  posi- 
tive L.E.  cell  preparations  were  obtained.  Table  I  lists  the  essential  findings  in 
each  patient. 

CLINICAL  FEATURES 

The  initial  sign  or  symptom  of  these  children  is  tabulated  in  Tal)le  II.  The 
most  frequent  complaints  included  arthralgia,  both  with  and  without  objective 
findings,  rash,  and  fever.  These  symptoms  are  all  similar  to  those  of  other  "col- 
lagen" diseases.  Four  of  the  children  had  early  symptoms  not  at  all  suggestive 
of  this  syndrome.  These  included  menorrhagia,  convulsions  and  edema.  It  is 
also  of  significance  that  a  rash  was  present  initially  in  only  three  of  the  patients. 

From  the  Department  of  Pediatrics,  The  Mount  Sinai  Hospital,  New  York,  N.  Y. 
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TABLE  I 


Clinical  Data  of  IS  Children  with  Systemic  Lupus  Erythematosus 


Major  Early  Signs  & 
Symi>toms 

Major  Systems 

Involv 

ed 

Dura- 
tion 
of 
Fol- 

Up" 
(Yrs.) 
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No. 

Age 
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Sex 
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Chest  pain 

1  Lid  edema  I 
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Hematopoietic 
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-U 

1 

4- 
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TABLE  II 

Initial  Sign  or  Syniplom  in  15  Children  ivith  Systemic  Lupus  Erythematosus 


Arthralgia .  .  . 

Rash  

Fever  

Pallor  

Menorrhagia. 
Convulsions . . 
Edema  


Sign  or  Symptom 


No.  of  Children 

6 
3 
2 
1 
1 
1 
1 


Figure  1  is  a  gnipliic  summary  of  the  various  signs  and  symptoms  seen  during 
the  early  stages  of  the  disease.  It  also  depicts  the  frequency  of  major  organ 
systems  eventually  involved  during  its  course. 

The  most  common  sign,  both  at  onset  and  during  the  progression  of  the  disease, 
was  joint  involvement.  The  joint  symptoms  were  usually  acute.  I'ain  with  or 
without  local  swelling  and  redness,  was  the  chief  manifestation.  There  was  no 
predilection  for  specific  joints,  the  interphalangeal  joints  being  involved  as 
frequently  as  knee,  hip  and  elbow  joints.  Back  pain  occurred  in  two  children 
and  this  was  assumed  to  be  due  to  intervertebral  joint  involvement.  Character- 
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MAJOR   EARLY    SIGNS  AND  SYMPTOMS 
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istic  of  the  arthralgia,  however,  was  the  rarity  of  development  of  any  permanent 
deformity  regardless  of  the  severity  or  the  duration  of  the  disease.  This  may 
serve  to  differentiate  this  joint  involvement  from  that  of  rheumatoid  arthritis. 
Only  one  patient  developed  such  a  deformity.  One  patient,  interestingly,  de- 
veloped a  transient  nodule  on  the  dorsum  of  a  wrist. 

The  fever  pattern  in  these  children  was  variable.  It  varied  from  daily  low- 
grade  levels  of  101°  F.  to  daily  spikes  of  103°  to  104°  F.  The  fever  was  intermit- 
tent with  recurrences  usually  heralding  an  exacerbation  of  the  disease.  In  no 
child  did  it  spike  to  105°  or  106°  F.,  as  may  be  seen  in  rheumatoid  arthritis. 

Although  the  cutaneous  manifestations  of  S.L.E.  were  present  in  only  three 
children  as  an  initial  sign,  they  appeared  sometime  during  the  course  of  the 
illness  in  two-thirds  of  the  patients.  In  the  majority,  there  was  the  typical 
"butterfly"  sunlight  sensitive  eruption  involving  the  face.  In  two  of  the  children 
a  generalized  non-specific  maculo-papular  eruption  occurred  on  the  trunk  and 
extremities.  Three  patients  had  oral  lesions;  two  demonstrated  vesicles  and 
ulcers  resembling  herpetic  stomatitis;  one  had  ulcerated  lesions  secondary  to 
hemorrhage  into  the  mucous  membrane. 

An  outstanding  sign  which  occurred  early  in  more  than  one-half  of  the  patients 
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was  weight  loss.  It  usually  was  accompanied  by  prominent  anorexia.  Weakness 
and  pallor  were  also  frequent  in  these  children.  Chest  pain  occurred  in  two 
patients  as  did  "puffy"  eyelids. 

Although  perhaps  not  present  at  the  onset,  several  major  sy. stems  became 
in\-oIved  as  the  syndrome  progressed.  The  "reticulo-endothelial  system"  was 
implicated  in  eighty  per  cent  of  the  children.  The  majority  had  generalized 
lymphadenopathy  either  at  the  onset  or  during  the  course  of  the  disease.  One- 
third  had  hepatomegaly  or  splenomegaly,  usually  not  at  the  onset.  Only  one 
child  had  clinical  icterus. 

Two-thirds  of  the  children  have  had  renal  involvement.  This  figure  is  probably 
closer  to  one  hundred  per  cent  since  none  of  the  five  children  who,  thus  far,  are 
free  of  renal  findings  have  been  followed  for  more  than  one  and  a  half  years. 
Several  children  had  albuminuria  early  in  the  course  of  the  disease.  Two  had 
edema,  either  periorbital  or  ankle,  at  the  onset.  Seven  of  the  ten  children  who 
have  been  followed  for  more  than  one  and  a  half  years  have  thus  far  developed 
a  typical  nephrotic  syndrome.  In  all  who  died,  chronic  renal  disease  was  a  con- 
tributing cause  of  death. 

Cardiac  manifestations  varied  from  a  persistent  systolic  murmur  as  an  isolated 
sign  to  such  findings  as  ECG  changes  indicative  of  myocardial  damage,  hyper- 
tension and  pericardial  friction  rubs.  In  five  of  six  fatal  cases  cardiac  findings 
progressed  to  advanced  myocardial  involvement  which  in  turn  led  to  heart 
failure  as  a  contributing  factor  in  the  deaths. 

Six  children  had  central  nervous  system  manifestations.  These  included  grand 
mal  seizures  at  the  onset  of  the  disease  in  two  children,  blurred  vision  in  two, 
ankle  clonus  in  one  child  and  an  abnormal  EEG  in  the  sixth. 

Four  of  the  children  have  thus  far  had  hemorrhagic  tendencies.  One  presented 
with  menorrhagia  as  the  initial  symptom  of  the  disease.  The  other  three  had 
bleeding  episodes  involving  the  nose,  oral  cavity  and  skin. 

Table  III  is  a  listing  of  other  diagnoses  considered  in  these  children  prior  to 
the  confirmation  of  S.L.E.  A  perusal  of  these  conditions  associated  with  the 
previous  discussion  of  the  diverse  signs  and  symptoms  is  a  testament  to  the 
protean  and  frequently  confusing  picture  pre.sented  during  the  early  months  of 
this  illness.  In  fact,  review  of  the  histories  reveals  a  significant  delay  in  time 
between  the  onset  of  symptoms  and  definitive  diagnosis.  In  only  three  children 
was  the  diagnosis  made  during  the  initial  contact.  The  diagnosis  was  made  in 
seven  children  within  six  months  after  initial  examination  but  it  was  delayed 
from  one  to  three  and  a  half  years  in  five.  The  average  duration  of  "lag"  was 


TABLE  III 


Other  Diagnoses  Considered  in  15  Children  with  Systemic  Lupus  Erythematosus 


Acute  glomerulonephritis 
Acute  hemolytic  anemia 
Acute  leukemia 
Allergic  rash 
Epilepsy 


Infectious  mononucleosis 
Rubella 

Rheumatic  fever 
Infectious  arthritis 
Traumatic  arthritis 


'Viral"  infection 
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ten  months.  Several  of  the  putieiits  were  treated  tor  allergy,  infection,  traumatic 
or  infectious  arthritis  and  epilepsy  prior  to  the  eventual  recognition  of  the  under- 
lyinf>;  disease. 

LABORATORY  FINDINGS 

Except  for  the  finding  of  the  L.E.  cell  phenomenon,  no  individual  laV)()ratory 
test  was  of  diagnostic  significance.  The  L.E.  cell  test  as  performed  in  our  labora- 
tory (16)  was  positive  in  all  patients  once  the  diagnosis  was  considered. 

The  majority  of  the  children  had  a  depression  of  their  hemoglobin  levels  either 
at  the  onset  or  during  the  course  of  the  disease.  As  previously  indicated,  in 
only  four  could  this  have  been  due  to  actual  blood  loss.  Eight  of  twelve  patients, 
in  whom  this  test  was  performed,  demonstrated  a  positive  Coombs  reaction. 
Platelet  counts  were  depressed  in  approximately  one-half  of  the  patients. 

All  of  the  patients  had  a  leukopenia  varying  from  3000  to  6000  cells  per  cu. 
mm.  during  the  course  of  the  disease;  nearlj^  all  had  a  polymorphonuclear 
leukocytosis. 

The  sedimentation  rate  was  elevated  in  all  of  the  patients,  although  in  three 
it  did  not  rise  until  several  months  had  elapsed.  The  Wassermann  reaction  was 
positive  in  only  two  of  seven  patients  in  whom  it  was  performed.  The  albumin/ 
globulin  ratio  was  reversed  in  one-half  of  the  patients  at  the  onset  of  the  disease, 
even  before  kidney  involvement  was  evident. 

Although  albuminuria  was  present  in  nine  of  the  patients  at  the  onset,  other 
laboratory  signs  of  renal  impairment  such  as  the  appearance  of  urinary  formed 
elements,  elevated  blood  urea  nitrogen,  elevated  serum  cholesterol  and  depressed 
clearance  tests  and  PSP  excretion  did  not  appear  until  the  disease  had  progressed. 

Gamma  globulin  elevation  was  noted  in  four  of  six  patients  in  whom  serum 
protein  patterns  were  studied  by  electrophoresis;  in  two  patients  the  level  was 
below  normal. 

COURSE  AND  PROGNOSIS 

The  present  status  of  fourteen  of  the  fifteen  patients  is  known.  Only  ten 
children  have,  thus  far,  been  followed  for  more  than  one  and  a  half  years  after 
onset;  six  have  succumbed. 

The  course  of  those  who  died  was  characterized  by  repeated  exacerbation 
with  additional  systemic  involvement  and  increased  severity  occurring  with 
each  recrudescence.  Death  occurred,  on  the  average,  two  to  three  years  after 
onset  and  was  due  usually  to  a  combination  of  cardiac  and  renal  failure.  Three 
patients  had  autopsy  examinations.  Pathologic  features  well  described  in  adult 
series  were  found,  i.e.,  the  typical  "lupus  nephritis"  accompanied  by  endocarditis 
and  myocarditis  (17,  18).  Of  interest  is  the  fact  that  three  children  are  living  in 
remission  despite  the  fact  that  their  disease  began  two  and  one-half,  five  and 
eight  and  one-half  years  ago. 

TREATMENT 

Therapy  in  children  does  not  differ  from  that  employed  in  adults.  Supportive 
measures  include  an  adequate  diet  with  vitamins,  anti-pyretics,  transfusions. 
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digitalis  and,  especially,  antibiotics.  Steroids  are  reserved  for  periods  of  severe 
symptomatology  not  ameliorated  by  the  above  measures.  The  initial  dosage 
should  be  large  enough  to  control  symptoms  quickly,  usually  200  to  300  mg.  of 
cortisone  or  40  to  60  mg.  of  prednisone.  I'^fforts  are  then  made  to  reduce  the 
drug  to  a  maintenance  level  sufficient  to  keep  the  signs  and  symptoms  quiescent, 
usually  75  to  100  mg.  of  cortisone  or  15  to  20  mg.  of  prednisone  daily.  Inter- 
mittent attempts  to  wean  the  patient  from  the  steroid  are  also  made;  the  drug 
is  reinstituted  when  severe  symptoms  reappear.  It  is  of  interest  that  the  nephrotic 
syndrome  secondary  to  S.L.E.  does  not  respond  with  either  immediate  diuresis 
or  prolonged  remission  to  steroids  as  does  the  idiopathic  form  of  nephrotic 
syndrome  of  childhood. 

Recently,  analyses  of  large  .series  of  cases  of  S.L.E.  in  adults,  have  led  to  a 
.somewhat  more  optimistic  outlook  concerning  the  prognosis  (19,  20).  Harvey 
has  stated  that  more  than  fifty  per  cent  of  ninety-nine  patients  have  survived 
for  four  or  more  years  (2).  Although  there  have  been  no  extensive  follow-ups  in 
children,  the  conclusion  has  generally  been  accepted  that  survival  in  this  age 
group  is  shorter.  In  the  present  series,  three  of  the  children  survived  from  two 
and  one-half  to  eight  and  one-half  years  after  the  onset  of  their  symptoms.  It 
would  appear  therefore  that  appropriate  therapy  with  antimicrobial  drugs  and 
hormonal  agents  may  .serve  to  ameliorate  symptoms  and  prolong  life. 

DISCUSSION 

As  has  been  discus.sed,  the  clinical  manifestations  of  S.L.E.  are  protean  and 
the  organ  involvement  is  multiple.  It  .should  be  emphasized  that  the  diagnosis 
can  be  made  in  the  early  stages  only  if  it  is  con.sidered. 

The  early  presence  of  the  typical  "butterfly"  eruption  is  the  best  clue  to 
diagnosis.  Rashes  of  varying  types  however,  have  been  described  (21);  in  the 
present  series  the  diagnoses  of  rubella,  infectious  mononucleosis  and  allergy 
were  considered  in  three  children.  Of  importance  is  the  observation  that  five 
children  had  no  rash  of  any  type  during  the  course  of  their  disease.  When,  in 
addition  to  the  three  most  common  early  symptoms  (arthralgia,  fever  and 
rash),  the  disease  has  progressed  to  include  renal  involvement,  hemorrhagic 
manifestations,  or  polyserositis,  recognition  presents  no  problem.  Most  im- 
portant is  its  diagnosis  during  the  early  stages,  during  the  period  when  inter- 
mittent arthralgia  or  recurring  fever  are  the  cardinal  .symptoms. 

Several  clinical  features  gleaned  from  analysis  of  the  fifteen  children  in  this 
series  may  be  of  aid  in  establishing  the  early  diagno.sis  of  S.L.E.: 

A.  The  early  accompaniment  of  arthralgia  and  fever  by  anorexia  and  weight 
loss; 

B.  The  early  appearance  of  generalized  lymphadenopathy  and/or  hepato 
megaly  and  splenomegaly; 

C.  Renal  involvement  as  evidenced  only  by  albuminuria  or  hematuria  (the 
diagnosis  of  acute  glomerulonephritis  was  entertained  for  several  weeks  on 
patient  number  4  before  S.L.E.  was  considered); 

D.  Central  nervous  system  signs,  especially  convulsions  (patient  number  1 
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pr(>soiit('(l  with  ^laiid  inal  seizures  and  was  considered  to  be  an  epileptic  for  one 
year  prior  to  tlie  appearance  of  other  manifestations) ; 
K.  Hemolytic  anemia. 

Although,  as  has  been  pointed  out  ,  none  of  the  routine  laboratcjry  tests  are 
specific,  the  coexistence  of  an  elevated  sedimentation  rate,  leukopenia  with 
polymorphonuclear  leukocytosis  and  an  elevated  serum  globulin  level  would  be 
highly  suggestive.  A  positive  Coombs  test  and/or  a  positive  serologic  test  for 
syphilis  may  also  be  found.  As  has  been  stressed  by  many  workers  only  the 
repeated  performance  of  the  L.E.  cell  test  in  all  patients  presenting  any  of  the 
suggestive  signs  and  symptoms  will  ferret  out  cases  in  the  early  stages  of  the 
disease  (19,  22). 

SUMMARY 

A  group  of  fifteen  children  with  S.L.E.  beginning  prior  to  the  age  of  fifteen 
years  is  described.  Early  signs  and  symptoms,  subsequent  visceral  involvement, 
laboratory  findings,  course,  treatment,  and  outcome  are  analyzed.  Features 
pertinent  to  the  early  differential  diagnosis  are  emphasized. 

It  appears  that  the  clinical  picture  in  this  age  group  does  not  differ  markedly 
from  that  described  in  adults.  It  also  is  evident  that  the  course  and  prognosis 
in  the  two  age  groups  are  similar.  It  is  concluded  that  an  early  diagnosis  of  this 
.syndrome  can  be  established  by  greater  awareness  of  the  varied  clinical  picture 
and  with  the  more  frequent  performance  of  L.E.  cell  preparations. 
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LOUIS  J.  SOFFER,  M.D. 
New  York,  N .  Y . 

The  iidvent  of  corticotropin  and  the  adrenal  glucogcnit^  steroids  constituted 
the  first  significant  advance  in  the  therapeutic  management  of  systemic  hipus 
erythematosus  (1,  2).  During  the  course  of  the  decade  that  these  agents  have 
now  been  employed,  they  have  proven  to  be  quite  effective  in  the  control  of 
most  of  the  clinical  mainfestations  of  this  illness  (3-9).  This  is  somewhat  less 
true  of  other  collagen  diseases  such  as  polyarteritis  nodosa  and  dermatomyositis, 
while  their  ability  to  subdue  the  progression  of  scleroderma  is  at  best  meager. 

Systemic  lupus  erythematosus  is  a  disease  of  protean  complexity  but  is  often 
characterized  by  fever,  joint  pains,  rash,  lymphadenopathy,  involvement  of  the 
serous  cavities,  hepatomegaly,  splenomegaly,  various  blood  dyscrasias,  and 
impaired  renal  function.  In  Tables  I  and  II  are  listed  the  symptoms  and  physical 
signs  that  we  encountered  in  our  group  of  fifty-five  patients  with  lupus,  while 
in  Table  III  are  recorded  the  laboratory  data  obtained  in  these  patients.  With 
the  exception  of  the  impairment  of  renal  function,  most  of  the  other  manifesta- 
tions are  promptly  brought  under  control  with  either  corticotropin  or  the  adrenal 
steroids.  Following  administration  of  the  hormone  in  adequate  amounts,  the 
temperature  usually  returns  to  normal  levels  within  twelve  to  thirty-six  hours, 
the  arthralgias  and  arthritis  subside  appreciably  within  one  or  two  days,  while 
the  rash  disappears  almost  entirely,  except  for  a  faint  brown  scaliness,  within  a 
week.  Pleural  and  pericardial  collections  of  fluid  are  absorbed,  the  latter  some- 
what less  rapidly  than  the  former  (Table  IV).  The  enlarged  liver,  when  not  due 
to  congestive  heart  failure,  seldom  returns  to  normal  but  generally  does  become 
somewhat  reduced  in  size.  Essentially  the  same  is  true  for  the  splenomegaly.  A 
previously  false  positive  serology  becomes  negative  in  twenty  to  thirty  per  cent 
of  those  patients  whose  serology  was  previously  positive. 

In  no  instance  in  our  group  have  the  L.E.  cells  entirely  disappeared  from  the 
peripheral  blood.  Their  abundance  is  significantly  decreased  when  the  disease  is 
brought  under  control,  but  we  have  never  failed  to  find  them  with  patient  and 
careful  search.  Thrombocytopenia  and  hemolytic  anemia  occurring  during  the 
course  of  the  illness  respond  most  satisfactorily  to  treatment  with  the  hormonal 
agents.  Indeed,  the  response  to  treatment  of  the  latter  manifestation,  which  in 
the  past  represented  such  a  dire  hazard  to  the  patient  with  systemic  lupus 
erythematosus,  is  most  dramatic  in  the  promptness  of  remission.  It  is  interesting 
to  observe,  however,  that  although  the  hemolytic  phenomena  cease,  the  positive 
Coombs'  test  remains  unaltered  (Table  V).  In  patients  with  throml)ocytopenia, 
the  Ijlood  platelets  rapidly  increase  in  number,  and  purpura,  when  present, 
subsides. 

From  the  Department  of  Medicine,  The  Mount  Sinai  Hospital,  New  York,  N.  Y. 
Aided  by  a  grant  from  the  National  Institutes  of  Health,  The  United  States  Public 
Healtli  Service. 
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TABLE  I 

Incidence  of  Symptoms  in  SB  Patients  with  Acute  Systemic  Lupus  Erythematosus 


Symptom 


Arthralgia  

Fever  

Weight  loss  

Rash  

Arthritis  

Chest  pain  

Chills  or  chilliness 
Abdominal  pain .  . 

Convulsions  

Alopecia  

Lymphadenopathy 
Light  sensitivity.  . 
Bleeding  tendency 
Paresthesia  


Patients 


Number 


52 
50 
36 
34 
34 
20 
17 
11 
11 
10 
9 


TABLE  II 


Incidence  of  Physical  Signs  in  55  Patients  with  Acute  Systemic  Lupus  Erythematosus 


Patient 

Physical  Sign 

Number 

Per  cent 

Lymphadenopathy  

39 

71 

34 

62 

19 

35 

28 

51 

Hepatomegaly  

26 

47 

Cardiac  abnormalities  (total)  

20 

36 

Hypertension  

7 

13 

Significant  murmur  

6 

11 

5 

9 

Pericardial  friction  rub  

4 

7 

Pericardial  effusion  

4 

7 

Pulmonary  abnormalities  (total)  

18 

33 

Pleural  effusion  

7 

13 

6 

11 

14 

25 

13 

24 

12 

22 

9 

16 

9 

16 

6 

11 

5 

9 
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TABLE  III 


Laboratory  Data  in  65  Patients  with  Acute  Systemic  Lupus  Erythematosus 


Patients 

Number 

Per  cent 

Positive  L.E.  test  

55 

100 

Elevated  sedimentation  rate  

51 

93 

Hvperglobulinemia  

39 

71 

Cephalin  flocculation  test  (2+  to  4+)*  

30 

68 

WBC  less  than  50()0/cii.  mm  

35 

64 

Urine 

32 

58 

Sediment,  occasional  to  many  RBC  

22 

40 

14 

25 

Albumin,  1+  or  more  

27 

49 

Hemo^lohin  less  than  10  gm./lOO  cc  

29 

53 

Al)normal  EEG**  

8 

50 

Abnormal  chest  x-ray  

'ifi 

ou 

Azotemia  

17 

31 

Creatinine  greater  than  1.5  mg./lOO  cc.f  

12 

41 

False  positive  serologic  test  for  syphilis  

15 

27 

Abnormal  ECG  

12 

22 

Prolonged  bleeding  timet  

4 

22 

Platelets  less  than  100,000/cu.  mm  

9 

16 

C-reactive  protein  test,  1  or  moreft  

8 

67 

Differential  sheep  cell  agglutinin  test,  titer  greater 

than  1:16§  

1 

14 

*  44  patients 
**  16  patients 
t  29  patients 
X  18  patients 
tt  12  patients 
§  7  patients 

In  our  group,  the  sedimentation  rate  retin-ned  to  normal  levels  in  over  half  of 
the  cases.  The  persistence  of  an  elevated  sedimentation  rate  was  usually  asso- 
ciated with  inadequate  treatment,  the  presence  of  significant  impairment  of 
renal  function,  or  the  existence  of  some  underlying  complication  or  iiifection. 
Similarly,  reduction  in  the  preexisting  hyperglobulinemia  occurred  in  only 
slightly  more  than  half  of  the  patients.  Patients  with  systemic  lupus  erythema- 
tosus almost  always  develop  a  normochromic  anemia  of  varying  intensity.  The 
anemia  responds  slowly  to  steroid  or  corticotropin  therapy.  The  hemoglobin  and 
peripheral  red  blood  cell  count  returned  to  normal  levels  in  approximately  half 
of  our  group.  Most  of  om-  patients,  however,  did  show  ati  increase  in  the  periph- 
eral white  blood  cell  count  with  a  retvnn  of  the  presence  of  more  mature  gran- 
ulocytes. 

The  major  continuing  threat  to  life  of  patients  with  systemic  lupus  erythema- 
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TABLE  IV 

Effect  of  Treatment  on  the  Clinical  Manifestations  of  Acute  Systemic  Lupus  Erythematosus 


Clinical  Manifestation 


Fever  

Arthralgia  

Weight  loss  

Lymphadenopathy  

Rash  

Mucous  membrane  lesions. 

Hepatomegaly  

Cardiac  abnormalities  

Hypertension  

Gallop  rhythm  

Pericardial  friction  rub  .  . 

Pericardial  effusion  

Significant  murmur  

Pulmonary  abnormalities.  . 

Pleural  friction  rub  

Pleural  effusion  

Chest  pain  

Psychiatric  abnormalities.  . 

Finger-tip  skin  lesions  

Abdominal  pain  

Edema  

Splenomegaly  

Alopecia  

Fundal  abnormalities  

Neurological  abnormalities 


Total  No.  of  Patients 


47 
Hit 

JLUU 

ou 

inn 

oo 

DO 

OD 

OD 

01 

1 Q 

7A 
1 4 

9n 

00 

7 

n 
u 

o 

Rn 
ou 

A 

ou 

A 

ou 

D 

U 

6 

100 

7 

71 

20 

90 

13 

62 

9 

44 

11 

73 

12 

58 

14 

14 

9 

44 

9 

67 

5 

20 

tosus,  despite  adequate  steroid  therapy,  is  the  development  of  persistent  and 
progressive  renal  disease.  Approximately  half  our  patients  showed  some  renal 
function  abnormalities,  as  evidenced  by  the  presence  of  red  blood  cells  in  the 
urinary  sediment  and  varying  degrees  of  albuminuria.  In  slightly  over  one-third 
of  the  group  the  blood  urea  nitrogen  was  elevated  (Table  III).  Renal  function 
studies,  such  as  urine  concentration  tests,  phenolsulphonthalein  excretion,  and 
urea  and  creatinine  clearance,  were  determined  in  slightly  more  than  half  of 
the  patients.  These  studies  revealed  several  points  of  interest.  The  urine  con- 
centration test  proved  to  be  the  least  sensitive  indicator  of  the  status  of  renal 
function  as  observed  in  this  group.  On  the  other  hand,  the  fifteen-minute  excre- 
tion of  phenolsulphonphthalein  and  the  urea  clearance  yielded  the  most  useful 
information  in  terms  of  appraisal  of  the  renal  status. 

Renal  involvement  in  systemic  lupus  is  the  least  responsive  of  all  the  clinical 
manifestations  of  the  disease  to  the  adrenal  glucogenic  steroids  or  corticotropin. 
Of  fifty-five  patients  studied  in  our  clinic  between  1948  and  1955,  seventeen 
died.  Of  these,  thirteen  succumbed  to  progressive  renal  failure  despite  intensive 
and  prolonged  therapy.  The  nephrotic  syndrome  often  encountered  in  this  illness 
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TABLE  V 

Effect  of  Treatment  on  the  Laboratory  Data  in  Acute  Systemic  Lupus  Erythematosus 


Laboratory  Test 


Positive  L.E.  test  

Elevated  ESR  

Hyperglobiilinemia  

WBC  less  than  500/cu.  mm  

Hemoglobin  less  than  10  gm./lOO  cc  

Urine 

Sediment,  occasional  to  many  RBC  

Sediment,  occasional  to  many  WBC  

Sediment,  occasional  to  many  casts  

Albumin,  1  plus  or  more  

Abnormal  chest  x-ray  

False  positive  serologic  test  for  syphilis  

Azotemia  

Shift  to  left  (nonsegmented  forms  greater  than 

10%  

Abnormal  EEG  

Reticulocytes  greater  than  0.7%  

Cephalin  flocculation  greater  than  1  plus  

Abnormal  electrocardiogram  

Prolonged  bleeding  time  

C-reactive  protein  test  greater  than  1  plus  

Platelets  less  than  100,000  

Positive  direct  Coombs'  test  

Hemolysis  


may  show  a  gratifying  temporary  response  to  salt  and  fluid  restriction  and 
hormone  therapy.  But,  unfortunately,  the  underlying  renal  disease  progresses 
inexorably. 

During  an  acute  relapse  of  the  illness,  when  the  temperature  is  considerably 
elevated,  albuminuria,  the  presence  of  cellular  elements  in  the  urine,  and  an 
elevation  of  the  blood  urea  nitrogen  are  not  infrequently  found.  With  the 
subsidence  of  the  acute  disease  process,  the  abnormal  urinary  constituents  will 
often  disappear  and  the  blood  urea  nitrogen  value  will  return  to  normal  levels. 
Whether  this  represents  actual  renal  disease,  characteristic  of  systemic  lupus 
erythematosus,  or  is  a  manifestation  of  the  general  toxicity  associated  with  the 
acute  exacerbation  of  the  illness,  is  uncertain.  In  any  event,  evidence  of  per- 
sistent and  significant  impairment  in  renal  function  was  almost  invariably 
encountered  in  those  individuals  who  succumbed  to  the  disease.  It  is  oin-  opinion 
that  the  renal  status,  after  prolonged  and  adequate  therapy,  is  the  single  most 
important  factor  in  determining  the  prognosis  of  the  individual  patient.  Evidence 
of  persistent  or  progressive  impairment  of  kidney  function  must,  in  general,  be 
regarded  as  an  ominous  sign. 

In  more  recent  studies  our  data  would  tend  to  indicate  that  those  patients 


Number  of  Patients 
Before  Therapy 


55 
49 
37 
32 
28 

22 
32 
14 
27 
20 
14 
17 

32 
8 
19 
29 
12 
4 
8 
8 
8 
4 


Percentage  of  Patients 
Improved 


0 
57 
46 
72 
54 

32 
50 
36 
26 
60 
29 
35 

41 
0 
37 
14 
42 
75 
25 
63 
0 
100 
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TABLE  VI 


ComTparaiive  Effects  of  Adrenal  Steroids  on  Sodium  Retention,  Potassium  Diuresis,  Protein 

and  Carbohydrate  Metabolism  (16) 


Hormonal  Agent 

Sodium-Re- 
taining Effect 

Potassium- 
Diuretic  Effect 

tein  and  Car- 
boliydrate 
Metabolism 

Cortisone 

1 

1 

1 

Cortisol 

1.25 

1 

1.25 

Prednisone  

none 

slight 

3-5 

Prednisolone  

none 

slight 

3-5 

6-Methvlprednisolone  

none 

slight 

4-6 

2-Methvlc-ortisol  

80-100 

5-10 

4-5 

Desoxvc-orticosterone  acetate  

30-50 

5 

0 

Aldosterone  

300-900 

10-25 

0 

!)a-Fluoroeortisol  

300-900 

10-25 

10-15 

9a-FluoroprednisoIone  

300-900 

10-25 

50 

2-Methj'l-Oa-fluorocortisol  

1000-2000 

? 

9 

9a-Fluoro-16-hydroxyprednisolone  (triamcinolone) . 

none 

? 

4-6 

who  have  impairment  of  renal  fuiiction  geueraUy  manifest  this  early  in  the 
course  of  the  illness  (10).  The  longer  the  disease  remains  established  without 
development  of  this  complication,  the  less  likely  is  it  to  occur. 

The  treatment  of  systemic  lupus  erythematosus  consists  of  vigorous  admin- 
istration of  hormone  and,  where  cortisone,  Cortisol,  or  corticotropin  is  employed 
rigid  restriction  of  the  daily  salt  intake.  Such  sodium  restriction  is  much  less 
necessary  when  certain  of  the  newer  adrenal  steroid  analogues  are  used  (Table 
VI).  When  prolonged  steroid  therapy  is  contemplated,  it  is  essential  that  the 
patient  receive  daily  supplemental  potassium.  Two  to  three  grams  of  potassium 
chloride  a  day  is  usually  adequate  to  prevent  development  of  hypokalemia. 
The  newer  steroids,  such  as  prednisone,  prednisolone,  5-methyl  prednisolone 
(Medrol®),  and  perhaps  some  of  the  even  more  recent  analogues,  tend  less  to 
induce  a  potassium  diuresis  than  do  corticotropin,  cortisone,  and  Cortisol  (11,  12). 

The  acute  toxic  manifestations  of  the  disease  are  promptly  brought  under 
control  when  an  adequate  amount  of  hormone  is  administered.  In  Table  VII  are 
listed  the  usual  initial  and  maintenance  doses  of  the  various  steroids,  with  which 
we  have  had  experience,  recjuired  to  return  the  elevated  temperature  to  normal 
levels  and  suppress  the  toxic  manifestations. 

It  should  be  emphasized  that  the  therapeutic  hormonal  requirements  of  the 
individual  patient  may  vary  considerably  from  the  mean.  Where  the  acute 
exacerbation  does  not  respond  promptly  to  the  usual  initial  dosage  there  should 
be  no  hesitancy  in  increasing  it  to  whatever  level  is  necessary  to  induce  au 
adecjuate  remission. 

When  corticotropin  is  employed,  several  alternative  routes  and  agents  are 
available:  (a)  aqueous  corticotropin  administered  intramuscularly,  in  a  dosage 
of  twenty-five  to  fifty  units  every  six  hours  around  the  clock ;  (b)  intravenously 
in  a  dosage  of  twenty  to  forty  units  administered  in  a  contimious  intravenous 
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TABLE  VII 


Comparative  Effectiveness  of  the  Adrenal  Steroids  as  Anti -Inflammatory  Agents  in  Man  (16) 


Hormonal  Agent 

Anti-Inllam- 
matory  Activity 

Average  Initial 
Daily  Oral 
Dose 
(mg) 

Average  Daily 
Oral  Mainte- 
nance Dose 
(mg.) 

1 

200-300 

50-100 

Cortisol  

1-1.25 

200-300 

50-100 

Prednisone  

3-5 

40-60 

10-25 

Prednisolone  

3-5 

40-60 

10-25 

6-Methvlprednisolone  

3-5 

32-48 

8-24 

3-Methvlcortisol  

4-5 

30-50 

5-20 

Desoxvcortic-osterone  acetate  

0 

Aldosterone  

0-? 

Oa-P^hiorocortisol  

10-15 

8-12 

4-6 

9a-Flnoro-16-hvdroxvprednisolone  

3-  5 

32-48 

8-24 

inf u.'iion  of  five  per  cent  glucose  over  an  eight  hour  period  daily ;  (c)  zinc  cortico- 
tropin, twenty  to  forty  units  twice  a  day  intramuscularly.  Of  these  measures 
the  intramuscular  zinc  corticotropin  and  the  intravenously  administered  cor- 
ticotropin are  perhaps  most  promptly  effective.  When  the  acute  manifestations 
of  the  disease  have  been  brought  under  control,  lioth  zinc  and  gel  corticotropin 
may  be  used  for  maintenance  purposes,  the  former  in  a  dosage  of  ten  to  forty 
units  daily,  the  latter  in  somewhat  larger  amounts. 

With  the  introduction  of  atrabine  in  the  treatment  of  discoid  lupus  (13)  the 
value  of  the  antimalarial  agents  were  explored  in  the  management  of  systemic 
lupus  erythematosus  (14,  15).  In  a  recent  report,  Dubois  describes  ecjually  good 
results  with  both  atabrine  and  chloroquin  (15).  Twelve  of  fourteen  patients  in 
this  group  were  benefited.  Our  experience  with  chlorociuin  has  been  less  satis- 
factory in  terms  of  control  of  the  toxic  manifestations  of  the  disease.  The  latter 
often  respond  poorly,  and  in  the  presence  of  severe  manifestations  generally 
not  at  all.  On  the  other  hand,  the  rash,  when  present,  subsides  within  several 
days  after  beginning  chloro([uin  therapy.  The  use  of  these  agents  is  not  without 
hazard,  since  leukopenia,  exfoliati\'e  dermatitis,  and  gastrointestinal  disturb- 
ances have  followed  upon  their  administration  (15).  The  dosage  of  chloroquin 
generally  employed  varies  from  250  to  500  mg.  daily.  The  use  of  chlorofiuin  as 
an  adjuvant  to  treatment  with  steroids  has  failed  in  our  experience  to  demon- 
strate any  overt  advantages  over  the  use  of  the  steroids  alone. 

Although  the  glucogenic  corticoids  are  effective  in  the  suppression  of  many  of 
the  manifestations  of  systemic  lupus  erythematosus,  the  development  of  certain 
side  effects  consequent  to  their  use  must  be  borne  in  mind.  Perhaps  the  term 
"side  effects"  is  a  misnomer,  since  such  effects  may  represent  specific  metabolic 
actions  of  these  agents.  In  any  event,  the  efforts  of  the  organic  chemist  are 
now  being  extensively  directed  to  the  synthetic  preparation  of  fractions  with 
maintained  or  increased  anti-inflammatory  activity  but  de\'oid  of  those  effects 
which  we  may  consider  undesirable  for  our  purposes. 
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Our  oxperit'iice  with  the  viirious  ghicogenic  steroids  which  we  have  thus  tar 
employed  in  the  treatment  of  this  (hsease  would  indicate  that,  with  the  exception 
of  their  various  effects  on  electrolyte  and  fluid  metabolism,  the  other  effects 
occur  with  approximately  equal  frequency.  Prolonged  administration  of  cor- 
ticotropin or  the  adrenal  fractions  will  result  in  the  development  of  many  of  the 
manifestations  of  Cushing's  syndrome.  The  severity  of  these  manifestations  will, 
of  course,  depend  upon  the  amounts  of  hormone  used  and  the  duration  of  treat- 
ment. Edema  is  less  likely  to  occur  with  prednisone,  prednisolone  or  Medrol® 
than  with  other  agents.  These  last  three  agents  are  generally  not  salt-retaining. 
However,  this  complication  can  be  almost  entirely  eliminated  when  cortico- 
tropin, Cortisol,  or  cortisone  is  used,  provided  the  daily  sodium  intake  is  re- 
stricted. With  control  of  this  complication,  congestive  heart  failure,  previously 
so  prone  to  occur  in  the  hormonally  treated  patient  with  systemic  lupus  erythe- 
matosus, rarely  develops.  The  incidence  of  hypertension  as  a  complication  of 
hormone  treatment  in  patients  with  this  illness  is  similarly  lowered  with  reduc- 
tion in  the  daily  salt  intake. 

Hyperglycemia  and  glycosuria  are  occasionally  encountered.  This  complica- 
tion, however,  has  greater  clinical  significance  in  the  diabetic  than  in  the  normal 
individual.  This  is  a  reversible  complication  in  the  non-diabetic  when  the  dosage 
of  hormone  is  reduced  or  eliminated,  and  the  insulin  reciuirement  in  the  diabetic 
patient  becomes  lowered  under  the  same  circumstances.  Osteoporosis  can  be  a 
more  distressing  hazard,  but  is  of  greater  moment  in  the  older  age  group.  In  the 
patient  with  post-menopausal  or  senile  osteoporosis,  prolonged  administration 
of  the  hormonal  agents  may  result  in  collapse  of  the  vertebrae  and  readily 
induced  rib  fractures.  The  severity  of  this  complication  may  to  some  extent  be 
reduced  by  the  concomitant  administration  of  androgen  to  the  male  patient, 
and  combined  androgen  and  estrogen  to  the  female. 

Psychotic  manifestations,  the  development  of  peptic  ulcer,  perforation  of  a 
duodenal  or  gastric  ulcer  already  present,  and  the  activation  and  dissemination 
of  a  semi-quiescent  tuberculosis  are  not  uncommon  complications.  Dissemination 
of  a  fungus  infection  is,  fortunately,  less  common.  It  is  interesting  to  observe, 
however,  that  when  the  patient  with  systemic  lupus  erythematosus  develops  a 
peptic  ulcer  while  receiving  steroid  therapy,  the  continued  administration  of  the 
hormone  may  not  interfere  with  the  normal  healing  process  of  the  ulcer  when 
he  is  placed  upon  a  proper  ulcer  regimen.  I  am  not  sure,  however,  that  the 
development  of  a  peptic  ulcer  can  be  prevented  by  the  prophylactic  institution 
of  an  ulcer  regimen.  The  problem  as  to  whether  a  patient  with  an  ulcer  history 
should  be  treated  w-ith  steroids  depends  essentially  upon  the  nature  and  severity 
of  the  underlying  disease  for  which  the  use  of  the  steroid  is  planned.  In  the 
instance  of  active  systemic  lupus  erythematosus,  the  hazard  of  this  illness  is  so 
considerable  and  its  response  to  hormone  therapy  so  gratifying,  that  even  in  the 
face  of  an  existing  peptic  ulcer  we  have  no  choice  but  to  submit  the  patient  to 
whatever  dangers  are  involved  in  the  use  of  the  steroids  as  being  the  lesser  of 
the  two  evils.  I  would  assume  that  the  same  philosophy  must  apply  in  the 
presence  of  tuberculosis.  Here  the  problem  is  perhaps  less  acute  in  that  the 
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available  treatment  tor  t uhereulosis  is  effective  and  can  prophylactically  prevent 
either  the  activation  or  dissemination  of  a  latent  or  (juiescent  form  of  the  disease. 

A  most  important  complication  following  prolonged  vise  of  corticotropin  and 
the  adrenal  ?^teroids  is  the  development  of  a  hypochloremic,  hypokalemic  alka- 
losis with  its  attendant  cardiac  arrhythmias  and  sudden  cardiac  accidents. 
This  development  is  often  a  subtle  one  and  not  necessarily  heralded  by  the 
prior  advent  of  electrocardiographic  changes  or  overt  but  innocent  cardiac 
arrhythmias.  Hypotassemia  occurs  as  a  result  of  the  potassium  diuresis  which 
follows  administration  of  corticotropin,  Cortisol,  and  cortisone.  Prednisone, 
prednisolone,  and  medrol  "  induce  very  little  urinary  potassium  loss,  and  therefore 
this  complication  is  much  less  likely  to  occur  with  these  latter  agents.  To  avoid 
this  serious  complication,  it  is  desirable  that  all  patients  receiving  corticotropin 
t)r  the  usual  currently  available  adrenal  glucogenic  steroids  for  periods  longer 
than  ten  days  should  routinely  be  given  two  to  three  grams  of  potassium  chloride 
daily  by  mouth. 

There  are  two  additional  complications  following  the  use  of  steroids  to  be 
considered  particularly  in  the  management  of  this  disease:  (a)  convulsive  epi- 
sodes; and  (b)  development  of  muscular  dystrophy  involving  the  thigh  and 
girdle  muscles.  Convulsions  may  occur  either  as  a  result  of  inadef^uate  therapy 
or  due  to  excessive  therapy  with  unrestricted  salt  intake.  Where  such  episodes 
occur  early  in  the  course  of  treatment  and  are  not  associated  with  other  evidence 
of  fluid  retention,  the  probabilities  are  that  they  are  due  to  the  cerebral  involve- 
ment of  the  disease  process  and  call  for  more  vigorous  steroid  therapy.  It  is 
interesting  to  note,  however,  that  when  w-e  learned  of  the  importance  of  restric- 
tion of  salt  intake  when  coi'ticotropin,  Cortisol,  or  cortisone  is  used  (9),  or  when 
we  substituted  the  newer  adrenal  steroid  analogues,  the  incidence  of  this  com- 
plication fell  appreciably. 

Three  of  our  fifty-five  patients  developed  marked  weakness  of  the  thigh  and 
hip  muscles.  In  each  of  the  three  instances  this  complication  occurred  after 
more  than  one  year  of  continuous  treatment  wdth  Cortisol  or  cortisone.  The  first 
evidence  of  this  disability  w^as  the  difficulty  that  the  patient  had  in  rising  from 
a  sitting  position  without  help,  and  was  associated  with  the  appearance  of 
ribose  in  the  urine  in  one  instance.  This  affliction  was  slow  in  development,  but 
progressive  and  unresponsive  to  administration  of  androgens.  Where  treatment 
with  steroids  could  be  discontinued  for  adequate  periods  of  time,  some  improve- 
ment followed.  But  when  therapy  was  once  more  instituted,  the  disability  almost 
always  promptly  reappeared. 

In  attempting  to  evaluate  the  overall  results  of  therapy,  it  becomes  evident 
that  sy.stemic  lupus  erythematosus  is  not  cured  with  corticotropin  or  the  cur- 
rently available  steroids.  There  are  several  manifestations  of  the  illness  w'hich 
are  not  at  all,  or  only  minimally,  affected  by  these  measures.  Most  prominent 
of  these,  of  course,  is  the  lack  of  any  appreciable  influence  on  the  development 
and  progression  of  renal  disease  once  it  has  occurred.  This  is  unfortunate,  since 
most  of  the  deaths  in  this  disease  today  occur  as  a  result  of  progressive  renal 
failure.  On  the  other  hand,  many  of  the  acute  and  chronic  manifestations  of 
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the  illness  are  promptly  liroiight  under  control  and  a  significant  percentage  of 
the  patients  are  satisfactorily  rehabilitated,  and  with  continuous  or  intermittent 
therapy  are  maintained  in  a  reasonably  good  state  of  health.  The  complications 
directly  related  to  treatment  are  indeed  disconcerting.  Their  incidence,  however, 
can  be  appreciably  reduced  by  careful  use  of  the  hormonal  agents  and  a  constant 
awareness  of  the  possibility  of  their  occurrence.  These  agents,  nevertheless, 
constitute  a  very  significant  advance  and  represent  the  most  effective  measures 
currently  available  for  the  management  of  this  illness. 
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Radiological  7\[ptes 

BERNARD  S.  WOLF,  Al.l). 
FABELLA  ARTHRITIC  CHANGES 
DAVID  BRYK,  M.D. 
New   York,  N.  Y. 

The  i';ibell;i  is  a  sesamoid  lione,  0.5  to  2  cm.  in  diametei',  t'ouiid  posteriorly  to 
the  knee  on  the  anterior  gliding  surface  of  the  lateral  head  of  the  gastrocnemius. 
It  occurs  in  IG  per  cent  of  adults,  bilaterally  in  85  per  cent  of  these.  It  usually 
ossifies  at  about  age  17.  It  is  located  0.5  to  1.5  inches  above  the  proximal  tip  of 
the  fibula  when  the  knee  is  flexed  at  an  angle  of  150  to  IfiO  degrees.  It  is  composed 
of  cancellous  bone  with  its  free  surface  co^'ered  l)y  cartilage  and  articulates  with 
the  lateral  condyle  of  the  femur.  The  remaining  portion  possesses  no  periosteum 
and  is  invested  by  the  fibrous  tissue  of  the  gastrocnemius  (1). 

Changes  in  the  fabella  associated  with  osteoarthritis  of  the  knee  are  freciuent. 
Sutro,  Pomeranz  and  Simon  (2)  studied  193  patients  with  osteoarthritis  of  the 
knee.  Thirty  eight  of  these  patients  had  fabellae.  In  seven  of  these,  irregularities 
of  the  falx'lla  suggesting  arthritis  were  noted. 

Kohler  (3)  states  that  in  degenerative  arthritis  of  the  knee,  th(*  fabella  in- 
creases in  size  and  becomes  deformed.  He  does  not,  howevei',  illustrate  this 
sequence  of  events.  The  following  case  had  films  before  and  after  the  de\'elop- 
ment  of  osteoarthritis.  It  thus  illustrates  the  de\-elopment  of  arthritic  changes  in 
the  fabella.  Comparison  is  afforded,  at  the  same  time,  with  the  other  knee  which 
developed  only  minimal  arthritic  changes. 


Fig.  lA.  Left  knee  in  1949.  The  fabella  on  this  side  is  smaller  than  on  the  right. 
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Fig.  IB.  Right  knee  in  1949.  Small  fabella  is  evident 


Fig.  2A.  Left  knee  in  1958.  Fabella  is  markedly  increased  in  size  with  spurs  at  the 
articular  margins.  The  enlargement  of  the  bone  is  due  to  the  increase  in  its  trabecu- 
lated  substance.  The  cortex  is  thin  except  superficially  where  the  surface  of  the  bone 
is  slightly  knobby.  The  width  of  the  joint  space  between  the  patella  and  the  lateral 
condyle  is  diminished. 
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Fig.  2B.  Right  knee  in  1958.  Fabella  may  be  slightly  larger  but  arthritic  changes  are 
minimal. 

The  patient  was  first  seen  in  The  Mount  Sinai  Hospital  Out-Patient  Depart- 
ment in  1949  at  the  age  of  55.  She  stated  that  lour  years  pre\  iously  she  had  had 
a  mild  left-sided  hemiplegia  with  slight  residual  weakness.  A  few  months  prior 
to  obser\'ation,  she  developed  pain  in  the  left  buttock  radiating  down  the  left 
leg  and  pain  in  the  left  knee.  Roentgen  e.xamination  of  the  lunil)osacral  spine  and 
the  lower  extremities  showed  no  abnormalities.  It  was  noted  that  both  knee 
joints  showed  fabellae  which  were  normal  in  appearance  (Fig.  lA,  IB).  The  patient 
was  treated  with  a  corset  and  physiotherapy. 

In  1953,  she  fractured  the  medial  malleolus  of  the  left  ankle.  Healing  was  un- 
eventful. In  1957,  .she  fell  down  a  flight  of  stairs,  injuring  her  k>ft  knee.  Xo  films 
were  taken  at  that  time.  Since  then,  she  complained  of  a  left-sided  limp  associated 
with  pain  and  intermittent  swelling  of  the  left  knee.  She  was  seen  again  in  the 
Out-Patient  Department  in  1958  with  the  above  complaints.  Examination 
showed  ^  of  an  inch  quadriceps  atrophy  on  the  left.  There  was  minimal  swelling 
of  the  left  knee  with  crepitation  on  motion. 

Roentgen  examination  of  the  left  knee  at  this  time  (Fig.  2A)  showed  slight 
narrowing  of  the  joint  space  and  spur  formation  at  the  margins  of  the  articular 
surface  consistent  with  degenerative  or  hypertrophic  osteoarthritis.  It  was  also 
noted  that,  in  comparison  with  the  examination  of  1949,  the  fal)ella  had  more 
than  doubled  in  size.  The  increase  in  size  was  not  the  result  of  spur  formation 
but  rather  an  overall  increase  with  an  enlargement  of  the  trabeculated  substance 
of  the  bone.  The  cortical  covering  was  not  thickened  except  f)n  its  superficial 
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j>urt'ace.  The  falx'lla  was  also  deformetl  aiul  showcil  spur  formation  at  its  articular 
margins.  Tlie  space  l)et\veen  it  antl  the  lateral  femoral  condyle  was  diminished. 
Films  of  the  asymptomatic  right  knee  showed  only  minimal  spur  formation. 
There  was  no  significant  change  in  the  size  or  appearance  of  the  fabella  on  this 
side  in  comparison  with  the  examination  of  1949. 

SUMMARY 

A  case  is  presented  illustrating  the  de\'elopment  of  enlargement  and  deformity 
of  the  fabella  associated  with  osteoarthritis  of  the  knee. 
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CASE  NO.  75 

This  was  the  first  admission  of  a  38  year  old  male  who  entered  with  the  chief 
complaint  of  abdominal  pain.  Six  months  prior  to  admission,  gastrointestinal 
x-ray  studies  were  done  because  of  epigastric  distress.  This  examination  was 
negati\'e.  SymptoiBS  responded  well  to  an  ulcer  regimen.  Six  days  before  ad- 
mission, the  patient  complained  of  dull  epigastric  pain  which,  though  inter- 
mittent at  the  onset,  became  almost  continuous  and  radiated  to  both  lower 
(luadrants.  There  was  moderate  anorexia  but  no  nausea  or  ^'omiting,  diarrhea  or 
constipation.  On  admission,  the  positive  physical  findings  were  confined  t(j  the 
abdomen.  There  Avas  guarding  in  the  right  upper  (juadrant  and  deep  and  rebound 
tenderness  in  the  right  lower  quadrant.  Temperature,  blood  pressure,  pulse  and 
respiratory  rates  were  normal.  White  blood  count  was  7,000  with  a  normal 
ditTcrcnl  ial  count.  Roentgen  examination  of  the  abdomen,  oral  cholecystography, 
and  barium  enema  examination  were  done.  These  were  reported  as  negati\'e 
although,  as  noted  below,  in  retrospect,  significant  findings  were  present  on  the 
barium  enema.  After  observation  for  ten  days  during  which  time  symptoms  per- 
sisted and  tenderness  became  localized  to  the  right  lower  (juadrant,  laparotomy 
was  done  with  the  probable  diagnosis  of  appendicitis.  The  cecum,  ascending 

Case  75,  Fig.  1.  Barium  enema  examination  shows  the  cecum  and  ascending  colon 
incompletely  distended  with  barium.  In  the  wall  of  the  colon,  there  is  a  continuous 
column  of  gas  (arrow).  The  gas  pattern  parallels  the  barium.  The  interhaustrcl  septa 
are  indicated  by  soft  tissue  strands  extending  toward  the  lumen  between  the  barium 
in  the  haustra.  The  outer  aspect  of  the  bowel  wall  is  evident  by  contrast  with  the  pro- 
peritoneal  fat. 

Case  75,  Fig.  2A.  Examination  of  the  abdomen  the  day  after  the  barium  enema 
shows  a  small  amount  of  residual  barium  in  the  cecum  and  ascending  colon.  The  inter- 
twining scroll  pattern  of  barium,  gas  and  soft  tissue  is  exquisitely  demonstrated. 
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Case  75,  Fig.  2B.  Diagram  of  the  lateral  portion  of  the  cecum  in  figure  2A;  A, 
represents  residual  barium  in  the  lumen,  B,  gas  in  the  wall,  C  and  D,  the  soft  tissue  of 
the  wall  of  the  colon,  and  the  interhaustral  septa  and  E,  properitoneal  fat.  A  similar 
pattern  may  be  seen  on  a  simple  film  of  the  abdomen  with  or  without  fecal  material 
in  the  lumen. 

colon  and  pr'oximul  transverse  colon  showed  innumerable,  small  gas-containing 
cysts  beneath  the  serosa,  with  thickening  of  the  bowel  wall  particularly  in  the 
ascending  colon.  The  largest  of  the  serosal  cysts  measured  about  a  centimeter  in 
diameter.  An  ileocolic  resection  was  performed.  On  opening  the  specimen,  the 
mucosa  of  the  cecum  was  markedly  edematous  and  the  mucosal  folds  for  about 
six  inches  distal  to  the  cecum  were  markedly  thickened.  On  palpation  the  mucosa 
was  crepitant.  There  were  numerous  areas  of  shallow  ulceration,  the  largest  of 
which  measured  about  7  mm.  in  diameter.  On  microscopic  examination,  the 
findings  were  typical  of  pneumatosis  cystoides  intestinalis.  The  ileum  was  free  of 
disease.  The  appendix  showed  focal  fibrous  obliteration  and  chronic  non-specific 
inflammation.  The  significant  findings  evident  on  roentgen  examination  are  illu- 
strated in  figures  1  and  2. 

Final  Diagnosis:  Pneumatosis  cystoides  of  the  right  side  of  the  colon. 
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CASE  NO.  70 

This  was  the  first  adinissioii  of  a  od  ycai'  old  while  rciiialc  willi  I  he  chid'  coin- 
plaint  of  tarry  stools  of  five  days  duration  and  rif:;lit  lowci'  ciuadranl-  pain  of  two 
to  three  days  duration.  A  barium  meal  examination  had  been  doiu^  five  weeks 
prior  to  admission  because  of  the  complaints  of  nausea,  heartburn  and  bla(;k 
stools.  A  bai'ium  meal  examination  done  at  this  time  was  said  to  have  shown  no 
ulcer.  On  an  ulcer  regime,  the  patient  improved.  Two  to  three  day.s  prior  to 
admission,  the  patient  again  noted  black  stools  associated  with  marked  weak- 
ness, dizziness  and  severe  nausea.  On  this  occasion,  however,  the  pain  was  located 
in  the  right  lower  quadrant.  Examination  on  admission  showed  an  obese,  pale 
female,  perspiring  profusely.  The  abdomen  was  somewhat  distended  and  there 
was  tenderness  in  both  the  right  upper  and  right  lower  quadrants.  Rebound  ten- 
derness was  present  in  the  I'ight  upper  (juatlrant.  The  liver  edge  was  palpal)le  4 
fingerbreadths  below  the  costal  margin.  The  temperature  was  101°F.,  pulse 
105,  white  blood  count  22,000  with  70  per  cent  segmented  polys  and  18  per 
cent  non.segmented.  Hemoglobin  was  9  grams.  A  Rehfuss  test  meal  showed  a 


Case  76,  Fig.  1.  Barium  enema  examination  shows  marl<edly  irregular  and  incom- 
plete filling  of  the  caput  coli  with  multiple  scalloped  contour  defects.  In  addition,  in  the 
inferior  and  medial  wall  of  the  caput  coli  (lower  arrow)  and  extending  into  the  wall  of 
the  ileum  (upper  arrow)  there  are  numerous  gas  bubbles  forming  a  lucent  band  which 
parallels  the  course  of  the  intraluminal  barium.  The  appendix  is  filled,  extends  medially 
and  does  not  appear  to  be  involved. 
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free  acid  of  A')  units  and  a  total  of  o,")  units.  I*]loctrof'anlio{>;nun  showed  changes 
compatible  with  inyocarchal  insufficiency. 

Barium  enema  examination  sh(jwed  markedly  irregular,  bizarre  filling  of  the 
caput  coll  with  evidence  of  interstitial  emphysema  (Fig.  1).  The  impression  was 
that  of  a  carcinoma  of  the  caput  coli.  It  was  thought  that  the  gas  in  the  bowel 
wall  could  be  explained  on  the  basis  of  perforation  although  a  fistula  could  not  be 
demonstrated.  Since  carcinoma  of  the  cecum  was  also  the  clinical  diagnosis, 
exploratory  laparotomy  was  performed  five  days  after  admission.  On  the  anterior 
and  lateral  wall  of  the  cecum  just  opposite  the  ileocecal  valve,  a  sharply  circum- 
scribed area  covered  by  fibrinous  exudate  about  1  inch  in  diameter  was  found. 
When  an  attempt  was  made  to  pull  off  the  fibrinous  material,  however,  it  was 
e\'ident  that  the  entire  thickness  of  the  bowel  wall  was  involved  in  a  necrotizing 
or  gangi'enous  process.  This  necrotic  portion  of  the  wall  of  the  cecum  was  excised 
along  with  the  appendix  and  the  cecum  was  closed  wdthout  compromising  the 
ileocecal  valve.  Bubbles  of  gas  were  noted  in  the  serosa  and  the  mucosa.  Chole- 
cystectomy was  simultaneously  done  because  of  the  presence  of  multiple  biliary 
calculi  and  thickening  of  the  gall  bladder  wall.  On  microscopic  examination,  there 
was  evidence  of  gangrene  and  subacute  inflammation  of  the  excised  portion  of 
the  cecum.  The  gangrenous  areas  showed  vascular  occlusions,  arteriolarsclerosis 
and  areas  of  necrosis.  The  appendix  was  not  remarkable.  The  pathologist  sug- 
gested that  the  necrosis  was  probably  on  a  vascular  basis.  In  the  absence  of 
evidence  of  gas  infection,  it  was  assumed  that  the  gas  entered  the  bowel  wall 
through  the  gangrenous  area.  As  is  usual  in  cases  of  pneumatosis,  the  exact  site 
of  entrance  could  not  be  determined. 

Final  Diagnosis:  Isolated  gangrene  of  the  avall  of  the  cecum  with 

PNEUMATOSIS  IXTESTINALIS. 

CASE  NO.  77 

This  was  the  first  admission  of  a  68  year  old  male  whose  past  history  was  non- 
contributory.  For  the  past  four  or  five  weeks,  he  complained  of  dysphagia,  re- 
gurgitation and  weight  loss  of  14  pounds.  A  barium  swallow  (Fig.  lA,  IB)  demon- 
strated a  bilobulated  filling  defect  at  the  junction  of  the  middle  and  distal  thirds 
of  the  esophagus  which  was  sharply  demarcated  and  filled  the  lumen  almost 
completely.  It  appeared  to  be  attached  to  the  posterior  and  right  wall.  Despite 
the  obturation  of  the  lumen,  there  was  no  obstruction  to  the  flow  of  fluid  barium 
through  the  esophagus  and  no  evidence  of  unusual  distensibility  of  the  esophagus 
proximal  to  the  site  of  the  lesion.  Extensive  calcification  of  the  mediastinal 
pleura  was  also  noted. 

Through  a  left  thoracotcjmy  incision,  the  esophagus  w'as  mobilized  from  the 
diaphragm  to  the  aortic  arch.  There  was  considerable  difficulty  in  doing  this 
because  of  marked  pleural  thickening.  The  external  aspect  of  the  esophagus  did 
not  appear  to  be  remarkable  but  on  palpation  a  lobulated  mass  could  be  felt 
within  the  lumen  of  the  esophagus  at  the  junction  of  the  middle  and  lower  thirds 
During  this  maneuver,  the  tumor  mass  suddenly  became  loose  and  mobile  within 
the  lumen  of  the  esophagus.  Esophagoscopy  was  then  done  and  with  the  assist- 
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Fig.  lA  Fig.  IB 


Case  77,  Fig.  lA.  Barium  swallow  shows  a  sharply  demarcated,  lobulated  filling 
defect  which  fills  the  lumen  of  the  esophagus  almost  completely  at  the  junction  of  its 
middle  and  distal  thirds.  Posteriorly  (arrow)  a  short  profile  defect  is  present  and,  in  retro- 
spect, an  angulated  lucent  band  which  may  represent  a  pedicle.  There  was  no  obstruc- 
tion to  the  fiow  of  fluid  barium  through  the  esophagus  and  no  unusual  distensibility 
of  the  esophagus  proximal  to  the  site  of  the  lesion. 

Case  77,  Fig.  IB.  In  the  PA  projection,  the  right  wail  of  the  esophagus  is  bulged 
laterally  by  the  intraluminal  mass  (upper  arrow).  The  external  contour  of  the  esophagus 
at  this  site  as  outlined  against  the  adjacent  lung  is  sharply  demarcated  and  smooth. 
There  is  extensive  calcification  of  the  mediastinal  pleura  extending  to  the  base  of  the 
right  lung  (lower  arrow). 

ance  of  the  surgeon,  the  tumor  mass  removed  by  the  esophagoscopist.  The  esoph- 
agus was  not  opened  and  the  thoractomy  wound  was  closed.  The  tumor  was 
about  4  cm.  in  diameter,  lobulated  and  showed  a  short  pedicle  about  ^  inch 
in  length  which  was  hemorrhagic  and  which  apparently  had  become  twisted  and 
torn  off  from  its  point  of  attachment  to  the  esophagus.  Microscopic  examination 
showed  a  squamous  cell  with  nests  of  cells  resembling  an  adamantinoma. 

The  patient  was  lost  to  follow-up  for  about  six  months  after  which  time  he 
returned  complaining  of  dysphagia.  Barium  swallow  showed  an  obvious  recur- 
rence in  the  esophagus.  With  radiotherapy,  he  obtained  some  relief  within  about 
six  months  but  went  on  to  develop  complete  obstruction  of  the  esophagus  as  well 
as  metastatic  nodules  in  the  skin  of  the  back  of  the  neck.  One  of  these  nodules 
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was  excised  and  reported  as  sciuainous  cell  carcinoma  with  histology  identical  to 
that  of  the  original  lesion.  An  attempt  to  insert  a  Macklei-  tube  through  the 
neoplasm  was  unsuccessful  and  the  patient  died  soon  after  this. 

Final  Diagnosis:  I^edun'culated  squamous  cell  cakc  ixoma  of  the  esopha- 
gus. 

This  case  is  presented  through  the  courtesy  of  Dr.  Leon  Ginzburg  and  Dr. 
Seelig  Freund. 

CASE  NO.  78 

This  was  the  first  admission  of  a  67  year  old  white  male  with  the  chief  com- 
plaint of  hematemesis.  For  several  months  prior  to  admission,  he  complained 
of  fatigue.  During  this  interval,  he  gained  about  20  pounds.  Six  days  prior 
to  admission,  he  experienced  a  massive  hematemesis  and  was  admitted  to 
another  hospital.  Hemoglobin  was  8  grams  with  a  red  blood  count  of  about  3 
million.  After  several  transfusions  he  was  referred  to  this  hospital.  Physical  ex- 
amination on  admission  was  noncontributory. 

Barium  meal  examination  (Fig.  lA,  IB)  showed  a  multilobulated,  discrete 
filling  defect  in  the  body  of  the  stomach  attached  to  the  anterior  wall.  The 
individual  lobules  in  the  periphery  appeared  to  be  quite  large  and  sharply  de- 
marcated V)ut  there  were  also  scattered  small  lobulations  which  were  irregular. 


Case  78,  Fig.  lA.  Barium  meal  examination  shows  a  sharply  demarcated,  multi- 
lobulated filling  defect  in  the  body  of  the  stomach.  Many  of  the  lobules  appear  to  be 
quite  large  but  there  are  also  several  smaller  irregular  ones  particularly  towards  the 
center.  The  barium  filling  the  channels  between  the  lobules  creates  a  radiating  pattern, 
in  the  center  of  which  there  is  a  somewhat  triangular  collection  of  barium  indicative  of 
ulceration.  There  was  no  remarkable  limitation  of  distensibility  of  the  stomach  at  the 
site  of  the  lesion. 
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Case  78,  Fig.  IB.  A  lateral  projection  of  the  filled  stomach  demonstrates  the  flat 
contour  defect  on  the  anterior  wall  (arrow)  with  multiple  nodular  projections  protruding 
into  the  lumen. 

The  barium  filling  the  crevices  between  the  loljules  appeared  to  radiate  towards 
the  center  where  there  was  a  smudge  of  barium  suggesting  ulceration.  The 
roentgen  diagnosis  was  that  of  a  polypoid  carcinoma  but  the  possibility  of  a  large 
adenomatous  polyp  was  not  entirely  excluded.  Subtotal  gastrectomy  was  done. 
Metastases  were  noted  in  the  omentum  and  in  the  mesenteric  nodes.  On  opening 
the  specimen,  a  cauliflower,  polypoid  neoplasm  abovit  6  by  4  cm.  in  diameter  was 
found  with  an  indurated  base.  Cutting  through  the  center  of  the  tumor  demon- 
strated that  its  mid-portion  was  firm,  hard  and  gray  while  the  peripheral  part 
was  soft  and  brownish.  On  microscopic  examination,  it  was  evident  that  the 
central  portion  which  comprised  the  bulk  of  the  neoplasm  was  adenocarcinoma 
but  that  around  the  center  there  was  still  a  considerable  amount  of  benign 
adenomatous  tissue.  The  appearance  was  highly  suggestive  of  malignant  trans- 
formation of  an  originally  benign  adenoma.  Xo  other  polyps  were  found  in  the 
removed  specimen. 

Final  Diagnosis:  Polypoid  adexocarcixoma  of  the  stomach  arisixo  ix  a 

BEXIGX  ADEXOMA. 

CASE  NO.  79 

This  was  the  third  admission  of  a  75  year  old  white  male  with  the  chief  com- 
plaint of  angina.  Previous  admissions  were  for  prostatic  hypertrophy  and  five 
years  previously  for  homologus  serum  hepatitis.  During  this  last  admission,  the 
icterus  cleared  rapidly  within  a  period  of  twf)  weeks.  Hemoglobin  at  that  time 
was  13  grams.  Two  years  prior  to  the  current  admission,  the  patient  was  informed 
of  hypertension  and  heart  trouble.  For  six  weeks  prior  to  admission,  angina 
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occurri'd  tVccnicnt ly  and  on  niininuim  exertion.  For  about  six  months,  ho  noted 
occasional  dizziness  when  arising  from  bed.  The  past  history  indicated  that  38 
years  previously,  the  patient  had  undergone  a  gastroenterostomy  for  an  ulcer. 
The  exact  site  of  this  ulcer  was  not  known. 

I'^xamination  on  admission  showed  a  thin  elderly  male  in  no  acute  distress. 
The  chest  was  emphysematous.  The  heart  appeared  to  be  slightly  enlarged. 
Blood  pi'essure  was  145  80.  Hemcjglobin  on  admission  was  5  grams  which  in- 
creased to  11  grams  after  two  units  of  packed  red  blood  cells  were  administered. 
On  admission,  the  stool  was  guaiac  4  plus  and  subsequent  stool  examinations  were 
reported  as  guaiac  1  plus  and  guaiac  trace.  On  sigmoidoscopy,  a  small  adenomatous 
polyp  was  seen  and  remo\-ed  without  incident.  A  Rehfuss  test  meal  showed 
absent  free  hydrochloric  acid  and  a  maximum  total  acidity  of  50  units. 

Barium  meal  examination  showed  no  abnormality  in  the  esophagus.  The 
barium  left  the  stomach  promptly  through  a  large  gastro-enteric  stoma  rather 
high  on  the  greater  curvature  aspect  of  the  stomach.  There  was  no  evidence  of 
marginal  ulceration.  No  significant  amount  of  bariinii  left  the  stomach  through 


Case  79,  Fig.  1.  Left  oblique  view  of  the  stomach  during  barium  meal  examination. 
The  portion  of  the  stomach  beyond  the  stoma  (arrow)  is  distinctly  narrowed  and  shows 
an  elongated  tubular  configuration.  The  stoma  is  wide  and  barium  entered  the  jejunum 
promptly.  The  mucosal  pattern  in  the  proximal  portion  of  the  stomach  consists  of  a  few 
large  normally  tortuous  folds.  The  fold  pattern  of  the  excluded  antrum  is  somewhat 
thickened.  (The  white  streak  above  the  arrow  is  an  artefact.) 
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Case  79,  Fig.  2.  Lateral  view  of  the  stomach  with  patient  lying  on  his  left  side  after 
insufflation  with  air  through  a  Levine  tube  and  administration  of  a  small  amount  of 
barium  confirms  the  limited  distensibility  of  the  distal  part  of  the  stomach  (arrow). 

the  pylorus.  The  mucosal  folds  in  the  stomach  appeai'cd  to  ))e  ([uite  large  but 
rather  flat  and  were  not  rigid.  There  was  no  evidence  of  ulceration  or  tilling  defect 
within  the  stomach.  However,  a  striking  finding  was  remarkable  limitation  of 
distensibility  of  the  distal  portion  of  the  stomach  beyond  the  site  of  the  gastro- 
enteric stoma  (Fig.  1).  While  not  appearing  completely  rigid,  this  area  never 
distended  and  showed  no  peristaltic  activity.  The  lack  of  distensibility  was  con- 
firmed (Fig.  2)  by  blowing  up  the  stomach  with  air  through  a  Levine  tube  and 
positioning  the  patient  so  that  air  filled  the  distal  part  of  the  stomach.  Barium 
enema  examination  was  also  done  and  showed  only  scattered  di^'erticuhl  in  the 
sigmoid. 

The  interpretation  of  the  changes  in  the  distal  part  of  the  stomach  was  difficult. 
The  possibility  that  a  scirrhous  carcinoma  was  present  in  this  area  could  not  be 
completely  excluded.  However,  this  appeared  unlikely  since  the  narrowed  portion 
was  not  completely  rigid  and  appeared  to  be  abruptly  delimited  by  the  stoma. 
It  was  therefore  suspected  that  the  narrowed  antrum  was  the  result  of  the  fact 
that  a  gastro-enterostomy  had  been  present  for  almost  4  decades  and  that  the 
distal  portion  of  the  stomach  had  been  excluded  over  this  long  period  of  time 
from  the  main  stream  of  passage  of  food  and  fluid,  l-'indings  similar  to  these  have 
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IxMMi  seen  ill  prcx  ious  cases  of  long-standing  gastro-eiitei'ostoni^y  with  excluded 
iintrum  and,  in  at  U'ast  one  instance,  operative  intervention  hud  not  demon- 
strated any  abnormality.  The  findings  on  the  roentgen  examination  were  con- 
firmed by  gastroscopy.  The  stoma  was  easily  entered  and  the  jejunum  over  a 
distance  of  4  cm.  revealed  normal  mucosa.  The  mucosa  of  the  antrum  appeared 
smooth  and  normal  in  color  without  evidence  of  ulceration  or  friability.  However, 
the  stomach  proximal  to  the  site  of  the  stoma  although  normally  distensible 
showed  a  smooth  pale  mucosa  with  atrophic  areas  and  friable  mucosa  as  indi- 
cated by  fresh  bleeding  during  the  course  of  the  examination.  The  impression  of 
the  gastroscopist  was  that  an  atrophic  gastritis  was  present.  Repeat  gastric 
analysis  confirmed  the  lack  of  free  acid  after  histamine. 

This  patient  has  been  followed  in  the  Out-Patient  Department  for  about  three 
years.  Anemia  has  persisted  but  the  course  of  the  patient  has  not  indicated  any 


Case  80,  Fig.  lA.  Barium  enema  examination  shows  limited  distensibility  involving 
the  entire  left  side  of  the  colon  from  the  splenic  flexure  down  to  the  proximal  sigmoid. 
The  distal  sigmoid  and  the  rectum  are  normally  distensible.  The  houstra  in  the  descend- 
ing colon  are  shallow  and  blunted  with  intervening  gray  areas  indicative  of  thickening 
of  the  mucosa.  The  adjacent  loops  of  small  bowel  medially  are  distended  with  gas. 
The  space  between  these  loops  and  the  barium-filled  colon  is  wider  than  is  ordinarily 
seen  indicative  of  thickening  of  the  wall  of  the  colon. 
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rapid  dctcrioratiou.  Jt  is  suspected  that  in  addition  to  tlu^  atropine  gastritis,  tlie 
patient  suffers  from  an  iron  deficiency  anemia  becau.se  he  has  avoided  the  eating 
of  meat  for  many  years.  A  repeat  barium  meal  examination  two  years  after  the 
original  observations  showed  no  change  in  the  appc^arance  of  the  stomach  or  the 
gastroenterostomy. 

Final  Diagnosis:  "Spasm"  of  the  excluded  antrum  40  years  post-oastiio- 

EXTEROSTOMY  SIMULATIXG  SCIRRHOUS  CARCINOMA. 

CASE  NO.  80 

This  was  the  second  admission  of  a  58  year  old  white  female.  The  first  admission 
nine  years  previously  revealed  a  duodenal  ulcer.  In  the  interval,  thei'e  ha\  e  t)een 
multiple  episodes  of  abdominal  pain  which  responded  to  an  ulcer  regime.  For 
many  years,  she  had  been  markedly  constipated.  Three  days  prior  to  the  current 
admission,  while  straining  at  stool  for  tw'o  hours,  she  suddenly  felt  faint  and 
broke  out  into  a  cold  sweat.  Finally  a  normal  stool  ensued.  The  next  day,  how- 
ever, she  experienced  a  watery,  light-red,  bloody  stool  which  escaped  in  two 
gushes  after  severe  cramping  sensations.  After  a  short  interval,  there  was  a 
similar  occurrence. 


Case  80,  Fig.  IB.  After  evacuation  of  most  of  the  barium,  a  markedly  coarsened 
mucosal  pattern  consisting  of  elongated  islands  of  thick  folds  is  evident  throughout  the 
descending  colon  and  proximal  sigmoid. 
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Case  80,  Fig.  IC.  With  injection  of  air,  the  irregular  peculiar  distensibility  partic- 
ularly of  the  proximal  portion  of  the  descending  colon  is  again  evident.  Lack  of  involve- 
ment of  the  distal  sigmoid  and  rectum  is  clearly  demonstrated. 

Physical  examiiuition  on  admission  was  not  contributory.  The  abdominal 
findings  were  difficult  to  elicit  because  of  extreme  obesity.  Temperature  was 
between  100°  and  101°F.;  white  blood  count  was  22,000.  Sigmoidoscopy  on  ad- 
mission showed  frank  red  blood  coming  from  above  the  end  of  the  sigmoidoscope. 
During  the  next  two  days,  the  temperatui'e  remained  slightly  elevated  and  the 
patient  passed  small  amounts  of  pinkish  fluid  material.  Three  days  after  ad- 
mission, a  barium  enema  examination  was  done  (Fig.  lA,  IB,  IC)  and  showed 
peculiar,  irregular,  limited  distensibility  of  the  descending  colon  with  thickening 
of  the  mucosal  pattern.  The  changes  appeared  to  begin  in  the  distal  limb  of  the 
splenic  flexure  and  to  extend  into  the  proximal  sigmoid  but  the  distal  sigmoid 
and  rectum  were  completely  normal.  Barium  meal  examination  showed  a  de- 
formed bulb  but  no  evidence  of  active  ulceration.  Repeat  sigmoidoscopy  showed 
the  mucosa  of  the  sigmoid  to  be  deeply  hemorrhagic  and  congested. 

With  conservative  therapy,  the  patient  improved  and  twelve  days  after  atl- 
mission  the  stool  was  of  normal  color.  The  patient  was  discharged  five  days  later 
without  complaints. 
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The  rocnti^cii  (iiulin^s  in  tliis  patient  at  liist  sij;lit  may  iiol  appear  striking. 
Close  observation,  howevei-,  indicates  that  the  changes  are  (luite  r(!mai'kal)le. 
The  first  impression  was  that  of  an  ulcerative  colitis  of  the  left  side  of  the  colon 
sparing  the  distal  sigmoid  and  rectum.  This  did  not  seem  to  be  an  entirely  satis- 
factory explanation  since,  while  irregular  distensibility  and  thickened  mucosal 
folds  Avere  evident,  the  contours  of  the  filled  colon  did  not  show  any  spiculation 
suggestive  of  ulceration.  When  the  clinical  story  was  obtained,  it  was  clear  that 
the  changes  in  the  colon  were  consistent  with  vascular  compromise  as  a  result  of 
occlusion  or  interference  with  the  blood  supply  through  the  inferior  mesenteric 
\-essels.  Findings  such  as  those  seen  in  this  case  have  been  previously  reported  in 
occlusion  of  the  inferior  mesenteric  artery  and/or  vein  and  this  alternative 
diagnosis  was  suspected  prior  to  obtaining  the  clinical  story.  In  the  large  majority 
of  such  instances,  because  of  the  liberal  collateral  circulation,  infarction  does  not 
occur  but  there  is  sufficient  stasis  to  lead  to  marked  mucosal  congestion  and 
bleeding.  The  involvement  of  the  left  side  of  the  colon  with  sparing  of  the  recto- 
sigmoid and  the  rectum  is  typical.  The  prognosis  is  good. 

Final  Diagnosis:  Inferior  mesenteric  occlusion. 
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SEVERE  DYSPNEA  FOR  15  YEARS 

Edited  by 
FENTON  SCHAFFNER,  M.D. 

A  64  year  old  white  married  male  banker  was  admitted  to  The  Mount  Sinai 
Hospital  complaining  of  shortness  of  breath  for  15  years. 

He  had  frequent  colds  usually  associated  with  cough  in  early  childhood  and 
adult  life.  He  had  hemoptysis  28  years  prior  to  admission  and  was  told  that  he 
had  pulmonary  tuberculosis.  He  was  put  to  bed  for  three  months  and,  as  far  as 
he  knew,  had  no  further  treatment  or  difficulty  from  pulmonary  tuberculosis. 
No  studies  of  his  sputum  were  performed. 

In  1942  the  patient  began  to  develop  dyspnea  on  exertion  which  gradually 
became  worse.  In  1953  he  became  ill  with  dyspnea,  fever  and  cough  which  re- 
sponded to  antibiotics.  In  1954  he  developed  a  similar  episode  which  required 
three  months  of  therapy  with  antibiotics.  In  1956  he  developed  a  third  episode 
of  what  was  called  pneumonitis  associated  with  night  sweats,  fever,  cough  pro- 
ductive of  three  to  four  ounces  of  white  sputum  daily.  At  this  time  he  retired 
from  business  and  spent  most  of  his  time  at  home.  Shortly  thereafter  he  devel- 
oped edema  of  his  ankles  which  responded  to  Diamox®  and  Alercuhydrin*'.  He 
smoked  six  to  seven  cigars  daily  throughout  his  adult  life.  Xo  exposure  to  toxic 
dusts  was  recorded. 

Because  of  increasing  dyspnea,  he  was  admitted  to  another  hospital  two 
months  before  the  present  admission.  At  that  time  his  respiratory  rate  was 
40/min.,  pulse  108/min.,  blood  pressure  96/80.  His  temperature  fluctuated  be- 
tween 99  and  100.8°  F.  The  head,  eyes,  ears,  nose,  throat,  heart  and  abdomen 
were  normal.  In  the  lungs  diffuse  inspiratory  and  expiratory  rhonchi  were  heard. 
Edema  of  both  ankles  was  present.  The  skin  color  was  good. 

The  urine  was  acid  with  a  specific  gravity  of  1.010  and  contained  no  albumin, 
a  trace  of  glucose,  and  an  occasional  WBC  and  RBC  per  high  power  field.  Hemo- 
globin was  15.5  Gm.%  with  5,120,000  RBC  percu.  mm.,  10,050  WBC  percu.  mm. 
with  90%  segmented  neutrophiles,  9%  lymphocytes  and  1  %  eosinophiles.  Serum 
CO2  was  50  vol.  %  and  chlorides  105  mEq./l.  An  electrocardiogram  revealed  a 
PR  interval  of  0.24  sec,  QRS  interval  of  0.10  sec,  a  sinus  tachycardia  with  atrial 
and  ventricular  rates  of  102  per  min.  (Fig.  1).  A  large  P  wave  was  present  in 
leads  1  and  2,  while  aVR  showed  a  large  R  wave.  A  tall  R  wave  was  present  in 
leads  3  and  VI  and  V2.  A  deep  S  was  present  in  leads  1  and  V4,  V5  and  V6.  A 
chest  x-ray  showed  the  trachea  deviated  to  the  right,  and  cardiomegaly.  The 
lung  fields  contained  a  diffused  interstitial  infiltration  which  was  particularly 
marked  in  the  inner  half  (Fig.  2).  There  was  a  fibrocalcific  lesion  in  the  right 
upper  lobe. 

The  patient  was  treated  with  oxygen,  digitalis,  Diamox®,  a  salt-free  diet  and 
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Fig.  2.  Chest  x-ray  taken  two  months  before  death  showing  diffuse  infiltration  of  the 
hings  and  cardiomegaly. 
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tetracyclcne.  He  showed  some  improx-ement  ami  was  discharged  after  three 
weeks.  His  condition  at  home  gradually  worsened  despite  therapy  with  steroids 
and  broad  spectrum  antibiotics.  A  sputum  culture  grew  out  600,000  colonies  of 
C.  albicans  per  cubic  centimeter. 

Six  weeks  later  he  was  admitted  to  The  Mount  Sinai  Hospital.  He  was  a  thin 
white  male  who  appeared  acutely  ill  and  in  respiratory  distress.  His  pulse  was 
120/min.,  respirations  40/min.,  blood  pressure  105/70  and  temperature  100.4°  F. 
Three  irregular  white  lesions  were  seen  on  the  pharynx.  There  was  no  lymphad- 
enopathy.  The  chest  showed  marked  retractions  of  the  supraclavicular  area. 
Coarse  inspiratory  and  expiratory  rales  were  heard  over  both  lung  fields.  A  soft 
apical  grade  II  murmur  was  heard  w'\t\\  a  gallop  rhythm.  The  PMI  w'as  felt  out- 
side the  midclavicular  line.  The  liver  was  felt  one  fingerbreadth  below  the  costal 
margin  but  the  spleen  was  not  felt. 

The  urine  was  acid  with  a  specific  gravity  of  1.010,  a  faint  trace  of  albimiin, 
8  to  10  WBC  per  high  power  field  (occasionally  clumped),  and  an  occasional 
hyaline  cast.  Hematocrit  was  53%.  Blood  urea  nitrogen  was  22  mg.  %,  fasting 
blood  sugar  90  mg.  %,  serum  sodium  135  mEq./l.,  potassium  3.8  niEq./L,  carbon, 
dioxide  35  mEq./l.,  chlorides  92  mEq./l.  Total  serum  protein  was  7.2  Gm.  % 
with  a  serum  albumin  of  3.5  Gm.  %  and  a  serum  globulin  of  3.7  Gm.  %.  The 
electrocardiogram  and  chest  x-ray  were  unchanged  from  the  findings  at  the  pre- 
vious hospital.  PPD  ^  1,  coccidiodin,  blastomycin,  histoplasmin  and  torulin  skin 
tests  were  all  negative. 

The  patient  was  treated  with  bed  rest,  a  low  salt  diet,  digitalis,  Mercuhydrin®, 
aminophylline,  penicillin,  tetracyclene  and  Prednisone®.  Amphotericin  B  was 
administered  as  an  aerosol,  5  mg.  four  times  daily,  and  intravenously,  50  mg. 
daily  for  three  days. 

Despite  the  above  measures  the  patient's  condition  steadily  grew  worse.  His 
temperature  varied  between  98.6  and  101.4°  F.  On  the  fourth  hospital  day  his 
respiratory  difficulty  increased  and  his  blood  pressure  fell  to  shock  levels.  Despite 
Levophed*  the  blood  pressure  continued  to  fall  and  he  cjuietly  expired. 

Dr.  Coleman  B.  Rabin*.  The  case  this  afternoon  concerns  itself  with  a  64  year 
old  man  who  had  increasing  dyspnea  and  cough  for  15  years,  diffuse  infiltrations 
in  the  lungs,  and  a  peculiarly  enlarged  heart  with  evidence  of  right  heart  strain. 
He  had  tuberculosis  many  years  ago  but  had  recovered,  and  he  got  along  fairly 
well  until  about  1953  when  he  had  a  few  bouts  of  fever  with  acute  bronchial 
infections  responding  partially  to  antibiotics  and  treatment  of  his  heart  disease. 
He  finally  became  disabled  about  a  year  before  he  died.  Before  he  died,  additional 
findings  developed.  He  had  a  mild  systolic  murmur  at  the  apex.  The  heart  seemed 
to  be  displaced  further  to  the  left  than  previously.  He  had  a  gallop  rhythm,  and 
the  liver,  which  had  not  been  palpable  before,  was  one  fingerbreadth  below  the 
costal  mai'gin. 
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Dr.  Dack,  how  would  you  iiitcrpi-ct  the  cliaiijic  in  the  liiidiii^s  in  llic  clccti'o- 
canliosnun.s  and  on  the  physical  examination? 

Dr.  Simon  Dack*:  T\w  first  electroeardiogram  showed  a  tacliycartha  of  about 
\  '.\()  per  niin.  It  was  not  an  oi-dinary  tachycardia  because  the  P-R  interval  was 
sonK'what  on  the  short  side.  This  may  occur  in  pulmonary  disease  but  it  also 
sugg(\sts  an  ectopic  atrial  or  nodal  focus.  The  most  striking  thing  was  the  very 
marked  right  axis  deviation  and,  in  aVR  and  VI  and  V2,  a  tall  R  pattern  that 
was  \'ery  characteristic  of  right  ventriculai-  hypeitrophy  as  seen  in  chronic  lung 
disease. 

Dr.  Rabin:  Dr.  Dack,  could  you  tell  us  whether  there  were  any  electrocardio- 
graphic changes  that  could  be  ascribed  to  acute  cor  pulmonale,  in  contraindis- 
tinction  to  chronic  cor  pulmonale? 

Dr.  Dack:  This  was  not  what  we  would  ordinarily  see  in  acute  cor  pulmonale 
due  to  pulmonary  embolism  or  acute  asthmatic  attacks  or  acute  pulmonary 
insufficiency  of  any  kind.  There  you  would  see  a  characteristic  picture  of  a  deep 
S 1  and  Q."^,  and  the  T  wave  would  be  inverted  in  VI  and  V2. 
.  Dr.  Rabin:  If  this  patient  who  had  chronic  cor  pulmonale  were  to  have  devel- 
oped acute  cor  pulmonale  in  addition — in  other  words,  if  this  patient  who  had  a 
strained  right  heart  were  to  have  developed  failure  of  the  right  heart — would  you 
expect  any  changes? 

Dr.  Dack:  T  waves  would  have  been  more  deeply  in^•erted,  especially  on  the 
right  side  of  the  precordium. 

Dr.  Rabin:  I  asked  this  because  the  electrocardiographic  findings  before  he 
died  were  unchanged  in  comparison  to  the  original  electrocardiogram  which  was 
made  a  few  months  before  that. 

Dr.  Dack:  I  would  suspect  that  the  changes  had  been  present  over  a  long 
period  of  time. 

Dr.  Rabin:  And  so  Dr.  Dack  feels  that  the  electrocardiographic  changes  can  be 
explained  entirely  on  the  basis  of  the  resistance  to  the  lesser  circulation  through 
the  lungs.  There  was  no  evidence  that  the  right  heart  had  failed.  We  had  these 
changes  even  though  the  right  heart  was  able  to  push  the  blood  through  the  lung 
satisfactorily. 

Dr.  Dack:  However,  clinically,  there  was  no  doubt  that  he  developed  acute 
right  heart  failure  secondary  to  the  pulmonary  hypertension. 

Dr.  Rabin:  So  you  would  say  that,  despite  the  absence  of  any  indication  in  the 
electrocardiogram,  the  clinical  evidence  pointed  to  acute  right  heart  failure  and 
this,  in  part  at  least,  was  the  cause  of  the  death? 

Dr.  Dack:  Yes,  I  would. 

Dr.  Rabin:  And  that  the  main  disease  was  not  heart  disease  originally,  but 
disease  in  the  lungs? 

Dr.  Dack:  This  is  the  pictvu'e  of  chronic  pulmonary  hypertension  secondary  to 
restrictive  disease  of  the  circulation  of  the  lung. 

Dr.  Rabin:  Secondary  to  restrictive  disease  of  the  lung  primaril\-,  or  of  the 
pulmonary  blood  ^-essels  primarily,  the  picture  developed  itself  as  a  disease  in 
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which  the  circulation  was  obstructed  in  the  huigs  with  the  eventual  development 
of  right  heart  failure.  I  am  told  that  the  heart  was  too  large.  We  shall  look  at 
the  x-ray  pietm-e  of  the  heart  and  lungs  and  see  if  we  can  shed  any  light  on  this 
objection,  that  the  h(>aft  was  too  big  for  a  patient  whose  heart  disease  was 
secondary  to  disease  of  the  lungs.  Dr.  Bi'ahms  will  discuss  the  films. 

Dr.  Sigmimd  Brahms*:  The  first  film  was  made  in  1954.  Some  calcification  and 
some  linear  infiltrations  were  found  in  the  infraclavicular  region  on  the  right  side 
and  this  was  consistent  with  a  history  of  tuberculosis  twenty -eight  years  ago.  In 
addition,  fine  interstitial  infiltrations  were  seen  diffusely  throughout  both  lungs 
with  no  localized  agglutinations.  Even  then  it  was  very  difficult  to  identify  blood 
\-essels  in  these  lungs;  the  A-essels  were  evidently  quite  small  and  obscured  by 
the  diffuse  infiltrations. 

The  heart  had  a  peculiar  configuration  for  this  pulmonary  appearance:  it  ap- 
peared somewhat  wide  to\vards  the  left  but  in  the  region  of  the  waist  it  was 
narrow.  This  is  the  so-called  boot-shaped  heart.  However,  the  displacement  of 
the  region  of  the  apex,  apparently  laterally  and  somewhat  downward,  suggested 
left  ventricular  enlargement  rather  than  right  ventricular  enlargement. 

Dr.  Rabin:  Before  you  go  any  further.  Dr.  Brahms,  you  would  say,  then,  that 
the  left  ventricle  seemed  to  be  enlarged  rather  than  the  right,  and  you  are  sur- 
prised at  the  fact  that  the  pulmonaiy  arteries  themselves  were  not  wider?  Could 
the  smallness  of  the  pulmonary  arteries  in  this  case,  in  a  patient  who  did  show 
evidence  of  right  ventricular  hypertrophy,  conceivably  have  been  due  to  pulmo- 
nary stenosis? 

Dr.  Bhrams:  If  the  assumption  is  correct  that  this  appearance  favored  left 
ventricular  enlargement,  this  is  against  the  diagnosis  of  pulmonic  stenosis  which 
is  associated  with  significant  enlargement  of  the  right  ventricle.  We  would  expect 
to  see  some  prominence  attributable  to  post-stenotic  dilatation  although  the 
absence  of  such  is  not  a  valid  argument  against  the  presence  of  pulmonary  valve 
or  infundibular  stenosis. 

Two  months  before  death,  the  films  showed  the  same  appearance  seen  three 
years  earlier,  except  that  the  interstitial  infiltrations  were  more  prominent.  No 
other  changes  in  the  appearance  of  the  lungs  were  demonstrated.  The  heart, 
however,  looked  cjuite  different.  The  enlargement  toward  the  left  was  again  seen 
but,  whereas  in  the  first  film  the  region  of  the  waist  was  narrowed,  here  there 
seemed  to  have  been  some  filling  out.  This  was  not  confined  to  the  segment 
immediately  below  the  aortic  knob,  where  we  expected  to  see  the  prominence  of 
the  pulmonary  artery,  but  it  involved  the  entire  supraventricular  segment.  I  do 
not  know  what  this  means  but  it  is  very  disturbing  to  see  such  a  heart  in  a  patient 
who  had  such  a  picture  in  his  lungs.  The  appearance  of  the  lungs  was  nonspecific. 
Many  things  could  be  listed  which  might  be  associated  with  such  an  appearance. 

Dr.  Rabin:  And  so  you  found  the  appearance  of  the  shape  and  size  of  the  heart, 
particularly  the  shape,  a  little  disturbing?  In  the  original  film,  did  you  not  say 
that  it  looked  as  if  the  patient  had  hypertrophy  of  the  left  ventricle? 

*  Associate  Attending  Radiologist,  The  Mount  Sinai  Hospital. 


CLINICO-I'ATH()LO(!ICAT.  CONFERENCE 


329 


Dr.  Brahms:  'I'his  would  h:i\  t'  been  typical  for  a  hypertensive  heart. 

Dr.  Rdln'it:  And  then  the  pictur(>  (•hanfj;ed  entirely.  You  noted  \videninf>;  of  the 
waist  ratlier  than  narrowing,  and  a  change  of  the  contour  of  the  heait  which 
might  now  I'epresent  rir/hl  ventricular  hypertrophy  in  this  patient  who  i)i-evi<)usly 
had  left  ventricular  hypertrophy.  Could  this  be  the  explanation? 

Dr.  Brahm.'i:  It  is  possible. 

Dr.  Rnlnn:  I  will  read  off  a  list  of  conditions  that  were  suggested  by  the  x-ray 
picture  of  the  lungs:  lyniphangitic  carcinoma,  miliary  tuberculosis,  fungus  dis- 
ease, periarteritis  nodosa,  eosinophilic  granuloma  of  the  lungs,  silicosis,  histo- 
plasmosis, tuberososclerosis,  mucoviscidosis,  sarcoidosis,  scleroderma,  Rich- 
Hammaii  syndrome,  reticuloendot heliosis,  and  von  Wegener's  syndrome. 

When  we  lo(jk  at  the  x-ray  films  of  the  chest,  we  are  impressed  by  the  fact 
that  the  diaphragms  are  neither  depressed  nor  deformed.  Furthermore,  the 
patient  had  inspiratory  retraction  of  the  chest,  which  indicates  that  the  lungs 
wei  e  l  educed  in  \-olume  rather  than  increased  and  that  part  of  his  difficulty  was 
due  to  the  fact  that  he  could  not  stretch  his  lungs  well. 

Interstitial  infiltration  was  present,  indicating  some  difficulty  in  gaseous  diffu- 
sion in  his  lungs.  The  electrocardiographic  changes  indicate  obstruction  of  the 
pulmonary  circulation.  There  is  no  evidence  of  disease  of  the  heart  that  can  be 
r(>sponsible  for  this.  Therefore,  the  basis  of  his  disease  must  have  been  in  the 
lungs.  Whether  it  was  in  the  blood  vessels  primarily  or  whether  the  blood  vessel 
nan-owing  was  secondary  to  the  condition  of  the  pulmonary  parenchyma  is  the 
next  ((uestion. 

As  we  analyze  the  case,  we  can  eliminate  many  diseases  from  consideration. 
There  was  no  history  of  exposure  to  silica  but  we  know  little  about  this  man's 
youth.  However,  the  patient  with  silicosis  who  gets  into  respiratory  difficulties 
always  has  emphysema,  but  no  extensive  emphysema  was  found.  The  same  is 
true  in  sarcoidosis  and  mucovisidosis  and  many  of  the  other  conditions  listed. 
I  Certainly,  conditions  like  scleroderma  can  be  excluded.  As  far  as  fungus  infections 
are  concerned,  we  shall  turn  to  Dr.  Liftman. 

Dr.  Maxwell  L.  Littman*:  The  diagnosis  of  pulmonary  moniliasis  is  rather 
difficult  at  the  present  time  because  of  inadeciuacies  in  the  laboratoi'v  diagnosis. 
We  do  not  have  a  simple  complement  fixation  test  nor  do  we  have  an  adecjuate 
skin  test.  The  only  thing  we  base  our  diagnosis  on,  at  present,  is  the  finding  of 
large  numbers  of  C.  albicans  in  the  sputum,  plus  a  suggestive  chest  x-ray, 
plus  the  exclusion  of  other  diseases  which  may  be  responsible  for  the  particular 
pulmonary  infiltration. 

The  average  normal  individual  has  between  5,000  to  10,000  C.  albicans  per 
cubic  centimeter  of  sputum.  This  is  determined  by  shaking  the  sputum  with 
glass  beads  on  a  shakei-  foi-  a  half-hour,  and  then  performing  a  plate  count.  A 
pathological  count  usually  runs  in  the  millions  and  patients  with  pulmonary 
moniliasis  usually  have  from  500,000  to  several  million  C.  albicans  per  cubic 
centimeter  of  sputum.  This  patient  had  600,000  organisms  per  cvibic  centi- 
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meter  and  had  been  treated  willi  broad  spectnini  antibiotics  and  corticosteroids, 
which  in  themselves  could  have  caused  this  increase  in  the  fungus  coimt. 

The  first  impression  was  that  this  was  not  a  case  of  moniliasis.  However,  in  an 
elderly  indi\  i(lual  with  i)\i!monary  distress,  a  high  C.  albicans  count  and  a  sug- 
gestive chest  x-ra.y,  we  were  ()l)li<2;ed  to  consider  his  case  one  of  pulmonary  monil- 
iasis, and  in  the  absence  of  another  diagnosis,  to  treat  him  with  a  new  antifungal 
antibiotic,  amphotericin  B,  both  by  aerosol  and  intravenously.  Amphotericin  B 
can  promptly  clear  the  bloodstream  and  pulmonary  tissue  of  C.  albicans  since  it 
is  extremely  active  on  this  organism.  The  minimal  inhibitory  concentration  of 
C.  albicans  is  about  0.09  /ug/ml.  We  are  able  to  achieve  a  blood  level  of  approxi- 
mately 2  Mg  ml.  by  intravenous  administration. 

Dr.  Rabin:  Dr.  Littman,  therefore,  is  of  the  opinion  that  simply  the  presence 
of  large  numbers  of  C.  albicans  does  not  mean  that  the  pulmonary  process  is 
necessarily  due  to  a  fimgus  infection.  I  feel  inclined  to  rule  out  fungus  infection 
in  a  case  of  this  sort  because  the  infiltrations  are  streaklike  and  very  fine.  When 
a  patient  dies  of  fungus  infection,  resistance  is  gone.  Whereas  originally  there 
may  have  been  a  miliary  or  a  fibrotic  form  of  the  disease  which  involves  the 
lungs  in  the  form  of  fine  infiltrations,  terminally  there  is  more  exudation  and 
more  fluffy  shadows  are  seen  in  the  chest. 

Reticuloendotheliosis  is  a  disease  that  in^•olves  the  lung  diffusely.  On  this  x-ray 
film  the  upper  part  of  the  right  lung  is  not  much  in\-oh'ed.  Similarly  many  of  the 
other  diseases  in  which  the  lungs  are  involved  diffusely  and  more  or  less  homo- 
geneously can  be  eliminated.  Dr.  Brahms  has  said  he  did  not  see  the  vessels  so 
well  on  the  right  side  of  the  chest  but  on  the  left  side  he  saw  the  vessels  better. 
This  means  that  there  was  more  emphysema  on  the  right  side,  and  on  the  left 
side  there  was  more  contraction.  This  may  explain  why  the  heart  was  situated 
so  far  to  the  left. 

One  must  think,  in  a  case  like  this,  of  a  form  of  bronchial  disease  of  spotty 
distribution  and  probably  associated  with  some  form  of  bronchial  infection  and 
little  emphysema.  I  would  pick  at  this  point  a  condition  which  was  not  on  the 
list,  namely,  l^'onchiolectasis. 

Viewing  the  films  at  nnich  closer  range,  one  sees  between  the  infiltrations  small 
areas  of  honeycombing  throughout  the  diseased  areas.  In  any  patient  with  fine 
infiltration  of  the  lung,  some  emphysema  is  present  between  the  infiltrations, 
suggesting  little  cystic  ca\'ities.  But  I  think  this  is  more  marked  in  this  case,  and 
I  think  these  films  sIkjw  small  cyst-like  cavities  throughout  the  lungs.  Small 
cystic  areas  can  be  seen  in  sarcoidosis,  in  reticuloendotheliosis  and  in  other  forms 
of  fine  fibrosis,  but  here  I  think  we  had  a  condition  that  was  purely  of  bronchial 
origin  and  involved  particularly  the  tiniest  bronchi.  These  had  been  distended 
and  there  was  an  associated  diffuse  fibrosis  of  the  lungs.  Emphysema  was  not 
outspoken  but  was  a  minor,  secondary  phenomenon,  not  sufficient  to  distend  the 
lungs  even  to  their  ncninal  volume.  In  general,  the  lungs  were  shrunken  and 
there  was  interstitial  fibrosis  and  infiltration  with  enlargement  of  the  bronchioles. 

What  the  cause  is,  I  do  not  know,  but  I  think  it  was  related  to  infection.  The 
primary  condition  was  bronchiolectasis  with  obstruction  of  pulmonary  circula- 
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tion  in  the  small  xcssels  oi'  (he  lungs.  There  was  secondary  marked  v\'^h\  x'enlric- 
uhir  hypertrophy.  The  clinical  picture  was  due  not  only  to  right  heart  failure 
with  dilatation  of  the  I'ight  v(>ntricl(\  l)ut  to  pulmonary  insufrioiency  as  well. 

Dr.  liana  Popper*:  To  give  you  the  background  of  the  pathologic  findings,  I 
will  first  descril)e  the  organs  other  than  the  lungs.  In  the  thyroid,  two  small 
nodules  were  found  which  were  seen  on  microscopic  examination  to  be  single 
follicular  adenomas  associated  with  the  diffuse  nodularity,  probably  a  long-term 
stress  phenomenon  in  this  patient  who  has  been  suffering  for  fifteen  years.  In 
addition  to  this  response,  nodular  hypoplasia  was  present  in  both  adrenals. 

The  kidneys  were  of  enoi'mous  size,  each  weighing  230  grams.  A  few  small 
cysts  were  seen  in  them  as  well  as  borderline  granularity  of  the  ,sin-face,  but  no 
more  than  we  would  have  expected  in  a  patient  of  this  age.  There  was  only  a 
little  nephrosclerosis  but  perhaps  enough  to  explain  the  hypertension.  Benign 
nodular  hyperplasia  of  the  pi'ostate  was  found  with  a  markedly  distended  bladder. 

The  spleen  weighed  120  grams  and  was  not  significantly  enlarged  but  on  micro- 
scopic examination  there  was  great  cellularity  with  many  basophilic  cells,  prob- 
ably plasma  cells,  .V  s])lenic  tumor  was  not  present  but  w'e  had  evidence  of  a 
splenic  reaction  or  splenitis.  We  looked  at  the  bones  to  exclude  the  possibility  of 
granulomatosis  which  we  had  not  seen  in  the  spleen.  No  evidence  of  any  bony 
trabecular  changes  was  encountei'ed. 

In  the  colon  small  colonic  ulcers  with  loss  of  epithelium  were  present.  This 
typically  is  a  shock  manifestation  which  developed  while  the  patient  was  dying 
and  the  blood  pressure  was  \'ery  low.  The  pancreas  appeared  normal.  The  liver 
was  not  enlarged.  It  showed  surprisingly  little  passive  congestion.  No  granulo- 
matosis was  found  and  the  only  evidence  of  a  possible  diabetes  was  the  large 
glycogen-containing  nuclei  in  the  parenchymal  cells  on  the  lobular  periphery. 
There  was  a  little  nodule  in  the  capsule  of  the  liver  Init  under  the  microscope  it 
was  an  unimportant  developmental  anomaly. 

After  this  backgi'ound  with  evidence  of  infection  l)ut  no  gi'anulomatosis  or 
blood  dyscrasia,  we  tiu'ned  to  the  chest  organs. 

The  heart  was  enlarged,  weighing  570  grams.  In  the  left  ventricle,  no  rheumatic 
changes  nor  significant  hypertrophy  were  found.  The  papillary  muscle  was  not 
hypertrophic  but  the  left  ventricle  was  dilated.  The  atrium  was  only  slightly 
dilated.  Microscopically,  no  acute  myocardial  changes  were  seen  but  just  a  little 
hypertrf)phy  and  edema.  The  right  ventricle  was  tremendously  hyjK'i-ti'ophic  and 
dilated  and  the  right  atrium  was  also  dilated.  The  tral)eculi  carni  and  papillary 
muscle  were  heavily  molded  and  the  tricuspid  cusps  were  thickened.  Some  fibro- 
elastosis was  present  from  increased  pressure  on  the  endocardial  lining  of  the 
ventricle  (Fig.  3).  The  thickening  of  the  tricuspid  leaflets  was  probal)ly  a  pressure 
effect  which  we  (juite  frequently  see,  and  it  was  not  associated  with  rheumatic 
fever  or  any  developmental  deformity.  Pericellular  and  intracellular  edema  prob- 
able related  to  the  terminal  events  was  seen  microscopically.  The  pulmonary 
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Fig.  3.  Endocnrdial  lining  of  right  ventricle  showing  fibroelastosis  (Elastica  X63) 


artery  was  not  significantly  altered;  neither  \  al\  Uiar  changes  nor  arteriosclerosis 
were  present.  Comparing  the  right  and  left  ventricles,  we  saw  that  the  right 
ventricle  was  almost  as  thick  as  the  left,  and,  therefore,  it  was  a  cor  ptilmonale, 
just  as  postulated  by  the  clinicians  who  discussed  the  case,  with  added  dilatation 
of  the  left  ventricle. 

The  lungs  were  not  \'ery  large.  The  left  one  weighed  about  800  grams,  the  right 
one  about  1100  grams.  There  were  a  few  adhesions  over  the  right  upper  lobe. 
Otherwise,  the  appearance  was  uniform,  the  pleural  cavity  was  dry,  and  the 
surface  had  an  almost  nodular  appearance  (Fig.  4).  The  pulmonary  arteries 
showed  no  arteriosclerosis.  At  sixty-four  j'ears  of  age,  the  patient  should  ha\'e  had 
a  little  bit,  and  he  had  less  than  we  would  have  expected.  There  was  some  enlarge- 
ment of  peribronchial  lymph  nodes  but  no  significant  distortion  of  the  architec- 
ture. Microscopically,  hypei'plasia  of  the  lymphatic  as  well  as  of  the  reticulo- 
endothelial elements  was  seen  but  this  was  just  a  nonspecific  irritation,  even  less 
than  chronic  lung  disease  would  ha\-e  led  us  to  anticipate.  We  looked  again  at  the 
surface  of  the  lung  and  saw  an  irregular  nodular  appearance  and  we  foiU)d  that 
the  lungs  were  very  firm.  They  were  very  resistant  and  did  not  collapse.  The  cut 
surface  presented  a  rather  homogeneous  picture.  They  were  not  large  but  of  nor- 
mal size  or  even  smaller  and  very  firm,  almost  like  a  liver.  The  cut  surface  on  close 
inspection  showed  many  small  cysts,  as  Dr.  Rabin  predicted  (Fig.  5).  Micro- 
scopically, it  looked  a  little  different  from  what  we  would  haA'e  expected.  The 
alveoli  were  wide  and  there  were  extensively  thickened  pulmonary  septa  with 
inflammation  and  fibrosis  (Fig.  6). 

Hamman-Rich  disease  would  be  the  first  diagnosis,  except  that  we  saw  muscle 
fiber  in  the  thickened  septa.  The  gross  picture  was  not  that  of  Hamman-Rich 
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Fig.  4.  Hdhiiuil  a|)ijeai:iiice  of  surface  of  lung 


Fig.  5  Fine  microcy.stic  appearance  of  section  of  lung  after  fixation  (Mallory  chroma- 
trope  aniline  blue  X4j. 

disease,  and  furthermore  no  epithelial  changes  whatever  were  present.  The 
fibrosis  was  almost  too  marked  to  do  for  this  diagnosis,  especially  when  we  saw 
that  the  muscle  fibers  had  become  fibrotic.  The  bronchi  were  dilated,  with  ridges 
coming  out  in  the  smaller  bronchi  (Fig.  7).  Tubular  bronchiectasis  was  found 
without  much  inflammation  but  with  a  large  amount  of  muscles,  and  these 
muscles  created  the  rigidity  which  we  have  described.  In  some  areas  we  had 
fibrosis  and  in  other  areas  we  had  bronchiectasis  and  in  some  circumscribed  areas 
consolidation.  Now,  Dr.  Rabin  told  us  we  will  see  fibrosis.  It  was  a  diffuse,  fine 
fibrosis  with  very  thick  areas  and  dilated  spaces  between  them.  The  dilated  spaces 


Fig.  6.  Thickening  of  alveohir  .septa  with  increased  hhei  formiition  (silver  impregnation 
X240). 


Fig.  7.  Ridges  containing  muscle  in  dilated  lironchi  (Trichrome  X63) 


were  almost  ruptured  in  some  areas.  There  were  emphysematous  blebs  dilated 
and  surrounded  by  an  inflammatory  zone.  Some  were  ruptured  and  had  no  epi- 
thelial lining  at  all.  They  were  alveolar  ducts  that  became  dilated  and  then  under- 
went marked  fibrotic  changes  associated  with  breaks  of  elastica  and  scar  forma- 
tion with  a  little  muscle  developing  (Fig.  8).  This  emphysematous  change  in  the 
alveolar  ducts  was  accompanied  by  a  lot  of  mucus  (Fig.  9).  We  start  to  under- 


("M\IC()-I'ATII()I.()(il<'.\L  CONFEKKXCE 


335 


Fig.  8.  Mucus  derived  from  epithelial  cells  living  alveolar  ducts  lillinji  spaces  (H  & 
E  X63) 


Fig.  9.  Muscle  liumllc-  in  wall  of  bronchioles  (Mallor\'  chromotrope  aniline  blue  X63) 

stand  why  this  hmg  was  so  firm.  There  was  a  lot  of  muscle  and  this  muscle  con- 
tracted and  prevented  dilatation,  probably  all  during  life  producing  a  spastic 
effect.  Some  white  mucus  had  been  expectorated  l)ut  there  was  a  large  amount 
of  mucus  left.  The  bronchial  epithelium  was  crowded  with  cells  that  committed 
suicide  by  producing  so  much  mucus.  Here  again  inflammation  was  seen  around 
bronchi olar  cells. 

So  we  had  to  add,  then,  to  our  diagnosis  emphysematous  blebs,  lironchio- 
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lectasis  with  inuciis  stagnation  and  hroncliicctasis  with  inflammation.  In  some 
areas  with  a  large  amount  of  mucus,  an  excessive  overgrowth  of  the  bronchial 
epithelium  occurred  which  led  eventually  to  something  which  has  been  designated 
as  bronchiolar  adenoma.  There  is  argument  whether  this  is  really  neoplasia.  It 
was  surely  not  malignant ;  hut  it  was  an  incidental  finding.  Far  more  important 
were  the  big  scars  in  which  we  could  recognize  chronic  pneumonitis,  interstitial 
inflammation  consisting  of  lymphocytes  and  plasma  cells.  Some  fat-containing 
macrophages  were  also  present.  In  addition  to  this  pneumonitis,  we  saw  a  large 
amount  of  muscle  fibers.  Blood  vessels  were  present  in  the  inflammatory  areas 
which  were  not  pulmonary  arterioles,  but  were  branches  of  bronchial  arteries. 
The  pulmonary  circulation  had  been  amputated  and  bronchial  circulation  was 
replacing  it.  In  addition,  lymph  stasis  was  noted.  The  muscles  were  regularly 
arranged,  some  of  which  were  already  undergoing  fibrosis.  Some  of  the  muscles 
came  from  blood  vessels,  the  bronchial  arterial  branches,  some  came  from  the  lym- 
phatics; some  came  from  the  bronchioles  themselves  (Fig.  9),  and  some  apparently 
developed  as  a  result  of  stress  in  the  fibrotic  tissue  (1).  In  addition  we  saw  a  large 
amount  of  collagenous  tissue  which  was  irregularly  distributed,  ahvays  developing 
under  stress  and  constantly  being  destroyed.  There  was  evidence  of  pulmonary 
arterial  hypertension.  Pulmonary  artery  branches  were  greatly  thickened.  The 
pleura  w-as  thick  and  had  a  hobnailed  appearance.  The  hobnailed  appearance  w^as 
explained  by  muscle  fiber  contraction,  and  this  le.sion,  because  of  its  hobnailed 
appearance,  has  been  designated  as  muscular  cirrhosis  of  the  lung.  What  we 
really  had  before  was  progressive  patchy  pulmonary  fibrosis.  The  Germans  called 
it  muscular  pulmonary  cirrhosis  and  a  recent  American  paper  used  the  term 
bronchiolar  emphysema,  and  this  difference  of  names  reflected  the  difference  of 
opinion  as  to  its  pathogenesis  (2).  The  actual  lesion  is  a  defect  of  alveolar  sacs, 
congenital  hypoplasia  of  the  alveoli  leading  to  changes  in  the  bronchioles  (3). 
The  old  explanation  which  most  have  accepted  is  that  the  lesion  is  an  inflam- 
matory one  wdth  subsequent  obstruction  of  the  bronchioles.  It  may  be  the  result 
of  chronic  pneumonitis,  rheumatic  pneumonitis,  or  syphilitic  pneumonitis,  al- 
though we  have  no  evidence  for  any  of  these.  The  lesion  definitely  had  nothing 
to  do  with  congenital  cysts.  It  is  obviously  not  a  diffuse  pulmonary  fibrosis, 
pneumonitis,  tuberculosis,  pneumonoconiosis,  or  granulomycosis.  A  small  focus 
of  healed  tuberculosis  was  found  in  the  right  upper  lobe. 

In  trying  to  analyze  what  the  patient  had,  we  found  obstruction  of  the  bron- 
chioles and  disappearance  of  alveoli  leading  to  dyspnea.  Whether  it  was  con- 
genital or  inflammatory,  we  did  not  know.  Primary  or  secondary  bronchiolitis 
was  present  with  lipid  pneumonia.  All  this  was  reflected  in  the  episodes  of  fever, 
cough,  and  rhonchi,  and  this  led  to  bronchiectasis  and  bronchiolectasis.  It  was 
also  associated  with  focal  scarring  with  excess  muscle  from  blood  or  lymph  vessels 
of  the  respiratory  tree  and  from  proliferation  and  breakdow-n  of  elastica.  Also 
there  were  changes  in  the  epithelium  which  led  to  adenoma  formation  (Fig.  10) 
and  was  associated  with  dilatation  of  respiratory  bronchioles  and  alveolar  ducts, 
obstructive  emphysema  and  bleb  formation.  Bronchial  arterial  compensatory  col- 
lateral hyperemia  developed  as  a  result  of  which  an  increased  strain  was  placed 
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Fig.  10.  Severe  adeiiomatou.s  hy|)er))la.-^ia  of  bronchial  cpi  I  helium  (11  i\:  E  Xd'-i) 


on  the  left  ventricle  resulting  in  left  \'entricular  failure  and  dilatation.  Inde- 
pendently, an  old  tuberculosis  focus  of  28  years  ago  was  found. 

In  closing  then,  this  is  a  case  which  I  have  described  as  pulmonary  muscular 
cirrhosis  or  bronchiolar  emphysema,  which  is  basically  a  progressive  patchy 
fibrosis  of  the  lung. 

Dr.  Rabin:  This  same  condition  has  been  described  in  the  literature  as  bron- 
chiolectasis,  which  is  the  name  that  I  chose  to  use  for  this  condition.  None  of 
the  terms  that  ha\-e  been  used — muscular  cirrhosis,  bronchiolectasis,  or  bron- 
chiolar emphysema — ^seem  really  to  give  us  the  picture  of  what  this  disease  is. 
Had  I  had  more  time  at  my  disposal,  I  would  ha\  e  explained  a  little  bit  further 
what  I  meant  by  bronchiolectasis,  but  I  would  have  had  to  admit  that  the  final 
pathological  picture,  while  it  is  one  of  dilatation  of  the  bronchioli  and  alveolar 
ducts,  is  still  not  explained.  The  initial  cause  of  the  dilatation  of  the  liionchiolar 
ducts  is  not  explained  by  the  use  of  this  term.  Certainly  it  is  not  explained  by 
the  use  of  the  term  muscular  cirrhosis.  This  is  probal)ly  the  poorest  designation 
because  it  tells  you  only  that  there  is  excess  muscle  tissue  and  that  there  is 
cirrhosis  of  the  lung.  All  of  the  terms  are  simply  desciiptive.  I'm  afraid  that 
when  we  speak  of  bronchiolectasis,  we  are  also  not  telling  you  what  the  nature 
of  the  disease  is.  The  theory  that  we  may  be  dealing  with  alveolar  agenesis  might 
explain  the  entire  picture  on  the  basis  of  distention  of  the  remaining  lung  tissue 
to  take  the  place  of  lung  which  cannot  distend  where  no  al\-eoli  ai'e  present.  Thus, 
the  bronchiolar  ducts  may  distend.  But  this  is  still  not  a  good  explanation  because 
then  the  emphysema  should  be  more  marked.  I'resumably  the  lung  can  stretch 
easier  than  the  bronchioles,  so  if,  in  many  places  throughout  the  lung,  alveoli 
never  developed,  the  space  should  have  been  taken  up  by  emphysematous  lung 
rather  than  by  dilatation  of  the  lironchiolar  ducts.  Therefore,  we  cannot  say  that 
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tlie  i)r()nclii()l;ir  ducts  were  distended  as  a  part  of  a  compensatory  mechanism 
alone.  There  was  somethin<>;  in  adcUtion,  and  it  may  l)e  in  the  nature  of  another 
type  of  congenital  abnormality. 

Why  the  bronchiolectasis  developed,  I  do  not  know.  We  see  patients  who  have 
patchy  fibrosis  of  the  lungs  from  inflammation  and  we  do  not  see  the  picture  of 
bronchiolectasis  as  outspoken  as  we  see  it  here.  If  it  were  simply  secondary  to  a 
chronic  inflammatory  infectious  disease  of  the  Ivuig,  we  should  see  it  more  often. 
As  a  matter  of  fact,  this  is  an  extremely  rare  disease.  I  saw  one  case  many  years 
ago  and  recently  I  saw  a  series  of  .x-ray  films  of  a  patient  in  whom  I  understand 
the  pathological  picture  was  one  of  cystic  formation  in  the  lung.  She  may  have 
had  the  same  condition.  I  know  of  one  other  case  in  the  thirty-five  years  or  so 
since  I  am  at  this  institution.  The  reports  in  the  literature  are  few.  The  term 
bronchiolectasis,  as  I  mentioned  before,  is  purely  a  descriptive  term. 

One  of  the  things  that  made  me  think  of  a  bronchiolar  disease  was  the  fact 
that  the  patient  was  expectorating  three  or  four  ounces  of  mucoid  sputum  per 
day  for  a  period  of  time.  This,  plus  the  distribution  of  the  lesion.s — -not  diffuse, 
but  more  toward  the  lower  part  of  the  lungs — to  me  suggest  that  the  disease  is 
of  bronchiolar  origin.  The  little  spaces  between  the  infiltrations  which  I  did  not 
think  were  entirely  due  to  compensatory  emphysema  between  the  fibrotic  areas, 
but  rather  to  represent  dilated  bronchioles,  indicated  to  me  the  pathological 
picture  which  has  been  described. 

Final  Diagnosis:  Bronchiolar  emphysema  (pulmonary  muscular  cirrhosis  of 
the  lungs). 
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MEDICAL  I<:i)r(\VlM()X  IX  'I'WK  rXlTIOJ)  STATES— 1910  1 !).')() 

SAUI.  .lAUClIO,  M.l). 
New  York,  N.  V. 

This  essay  has  for  its  allotted  scope  the  develo])ineiit  of  iiuMlical  education  in 
the  United  States  from  IDIO  to  IDoii.  Strict  constructionists  may  (juestion  the 
use  of  the  term  "medical  education"  for  the  subject  matter  at  hand,  since  edu- 
cation denotes  the  development  of  tlu>  powers  of  the  mind,  whereas  the  narrower 
term  instruction  is  limited  to  the  transmission  of  knowledge  or  technicnies. 
Rightly  considered,  the  schooling  of  the  physician  must  attempt  more  than  the 
inoculation  of  knowledge,  and  the  wisest  observers  have  understood  that  the 
physician  who  is  endowed  with  nothing  more  than  medical  knowledge  and  medi- 
cal skill  is  an  incomplete  product,  like  an  aborted  fetus. 

In  the  following  discussion,  principal  emphasis  has  been  giyen  to  the  education 
and  instruction  of  the  undergraduate  medical  student.  This  draws  with  it  by 
logical  necessity  a  consideration  of  premedical  education  also.  Graduate  and 
postgraduate  medical  education  are  treated  in  somewhat  less  detail.  Special  cults 
such  as  homeopathy  and  osteopathy  are  accorded  no  mention,  largely  because 
the  primary  data  are  less  abundant,  less  accessible,  and  less  reliable  than  is  the 
case  with  orthodox  medical  education,  and  good  secondary  sources  are  virtually 
nonexistent. 

Since  medical  education,  like  all  (jther  (components  of  medicine,  functicjus  in  a 
complex  social  environment  and  reflects  or  refracts  the  influences  thence  derived, 
the  author  has  at  all  times  endeavored  to  point  out  both  the  influences  and  their 
reflection  wherever  such  could  be  discerned.  This  is  intended  to  imply  no  commit- 
ment to  a  doctrine  of  economic  determinism  in  history,  since  medical  develop- 
ments reflect  not  only  their  external  environment  but  also  their  own  specific 
antecedents. 

MEDICAL  EDUCATIOX    1910  TO  1920 

It  is  often  said  that  the  Flexner  Report  (1)  caused  a  widespread  reform  in 
American  medical  education.  The  truth  is  that  the  Report  added  force  and 
direction  to  a  movement  that  had  existed  for  four  decades.  Those  important 
decades  compassed  the  following  achievements:  Charles  Eliot's  reforms  in  the 
Harvard  Medical  School  (1870  et  seq.);  the  opening  of  the  first  American  uni- 
versity hospital,  at  the  University  of  Michigan  (1809,  reorganized  187(5);  the 
establishment  of  Delafield's  laboratory  at  Columbia  University  and  Welch's 
laboratory  at  Bellevue,  in  1878;  the  establishment  of  state  boards  of  medical  ex- 
amination and  licensure;  the  reports  on  medical  education  by  John  H.  Ranch 
of  the  Illinois  State  Board  of  Health  (1877-1891);  the  opening  of  The  Johns 
Hopkins  University  in  1876  and  of  its  medical  school  in  1893;  the  formation  of 
the  Association  of  American  Medical  Colleges  in  1890;  the  reconstruction  of  the 
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AnuM-icaii  Mediciil  Associat ion  in  liK)l  on  a  plan  which  t'acihtated  effective 
action;  the  estabUshinent  by  that  association  of  the  Council  on  Medical  Edu- 
cation (1904),  later  called  the  Council  on  Medical  Education  and  Hospitals  (1920); 
the  completion  by  the  Council  in  1907  of  a  first  tour  of  inspection  of  the  medical 
schools ;  and  the  publication  of  educational  standards  (1906, 1909).  Of  great  impor- 
tance also  were  the  establishment  of  the  Rockefeller  Institute  in  1901,  of  the 
General  Education  Board  in  1902,  and  of  the  Carnegie  l-'oundatiou  for  the 
Advancement  of  Teaching  in  1905.  In  1907,  William  Welch  remarked  that  in  the 
better  schools  laboratory  teaching  had  ad\-anced  from  the  weakest  to  the 
strongest  position  in  the  curriculum,  and  that  impi'()ven"ient  in  opportiuiities 
and  methods  of  clinical  teaching  was  a  more  urgent  problem  than  the  teaching 
of  the  laboratory  subjects  (2). 

Although  the  reform  movement  was  gaining  strength  dvu'ing  this  period,  it 
was  as  yet  too  feeble  and  unorganized  to  halt  the  proliferation  of  medical  schools. 
Statistics  gathered  by  the  American  Medical  Association  show  that  there  were 
100  medical  colleges  in  the  United  States  in  1880.  Between  1900  and  190(5  the 
total  fluctuated  between  160  and  102.  Thereafter  a  diminution  set  in  {■^).* 

As  has  been  stated  above,  the  Council  of  Medical  Education,  under  the  chair- 
manship of  Dr.  Arthur  D.  Bevan,  conducted  a  tour  and  evaluation  of  all  Ameri- 
can medical  schools  in  1906-07.  An  impoi'tant  part  of  the  work  was  done  by  Dr. 
N.  P.  Colwell,  secretary  of  the  Council.  The  results  of  the  survey  were  com- 
municated to  the  individual  schools  and  to  the  American  Medical  Association 
but  were  not  published. 

In  the  autumn  of  1908,  after  collaboration  with  the  American  Medical  Asso- 
ciation had  been  arranged.  Dr.  Henry  S.  Pritchett,  president  of  the  Carnegie 
I'oundation  for  the  Advancement  of  Teaching,  requested  Mr.  Abraham  Flexner 
to  vuid(>i-take  a  survey  of  the  medical  schools  of  the  United  States  and  Canada. 
During  a  period  of  about  18  months,  Mr.  Flexner,  often  accompanied  by  Dr. 
Colwell,  visited  every  one  of  the  medical  schools  then  extant  in  the  two  covuitries. 
His  report  Medical  Education  in  the  United  States  and  Canada  speedily  attained 
the  rank  of  a  classic  in  its  held. 

Flexner  found  that  the  United  States  was  grossly  oversupplied  with  medical 
practitioners.  He  calculated  that  the  country  had  one  physician  for  every  568 
persons;  Germany,  which  very  significantly  he  chose  as  a  standard  of  comparison, 
had  only  one  physician  per  2000.  He  found  that  the  United  States  had  148  medi- 
cal schools,  of  which  IIC)  were  "regular",  while  15  were  homeopathic,  eight 
eclectic,  one  physiomedical,  and  eight  osteopathic.  Of  the  116  "regular"  schools, 
1()  reciuired  two  or  more  years  of  college  work  as  preretiuisite  to  admission.  Six 
other  schools  were  about  to  increase  their  reciuirement  from  one  year  to  two 
years.  Three  additional  schools  were  al^out  to  increase  their  requirement  from  a 

*  Abraham  P'lexner  (1)  in  1910  reported  the  existence  of  148  medical  school.s  in  the  U.  S. 
The  A.M. A.  statistics  for  1910  report  1.31  schools.  The  difference  appears  to  consist  mainly 
of  eight  chiropractic  schools  and  eight  osteopathic  schools,  not  inclvided  in  the  A.M. A. 
computations. 
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hifih  school  course  to  two  ycni's  of  collcfi.c.  This  made  an  cHtc  j;roU|)  ot  2")  schools 
which  ic(Hiii'C(l  or  were  about  to  require  two  years  of  college  work  as  prerequisite 
to  admission.  A  second  group,  almost  50  in  miml)er,  reciuired  high  school  gi'ad- 
uation  or  an  evasive  "e(iuivalent."  The  remaining  schools,  numbering  about  40, 
had  still  lower  entrance  requirements,  i.e.  virtually  none. 

The  e(iuipm(Mit  of  the  schools  showed  a  similar  range  of  variation,  and  the 
reader  can  spend  a  profitalile  hour  in  reading  the  details  so  franlvly  given  in 
Flexner's  report.  The  deficiencies  included  not  only  the  lack  of  test  tubes,  cadav- 
ers, and  microscopes,  l)ut  also  the  lack  of  access  to  clinical  facilities  of  proper 
(juality  and  (luantity. 

The  chaotic  if  not  carcinomatous  proliferation  of  medical  schools  reflected 
certain  peculiarities  of  American  government.  The  Constitution  of  the  United 
States  had  estabhshed  no  provision  for  the  control  of  professional  education, 
hence  this  field  of  activity  became  by  implication  a  function  of  state  govern- 
ments. In  general,  state  governments  had  failed  to  fill  the  void  effectively.  Hence 
medical  schools  could  multiply  without  restraint,  legalizing  their  existence  by 
the  simple  act  of  obtaining  a  charter.  It  was  no  wonder,  then,  that  the  country 
contained  about  as  many  medical  schools  as  the  rest  of  the  world  combined. 

In  part  the  defects  of  American  medical  education  were  ascribable  to  the  system 
of  proprietary  medical  schools,  a  system  not  wholly  devoid  of  virtue,  whereby  a 
group  of  practitioners  constituted  it.self  as  a  medical  faculty,  bought  or  rented  a 
building,  gave  a  medical  course  consisting  mainly  of  lectures,  and  awarded 
doctoral  degrees.  The  fees  were  divided  among  the  professors  and  instructors. 
Expenses  were  minimal  and  profits  might  be  large.  MoreoA'er  the  professorial 
titles  were  likely  to  attract  consultations. 

The  proprietary  schools  were  not  entirely  bad;  moreover  the  deficiencies  of 
medical  education  at  this  time  were  not  limited  to  them.  In  the  first  place,  aside 
from  the  fact  that  a  few  schools  which  had  formal  affiliation  with  universities 
were  in  actual  fact  autonomous  proprietary  establishments,  even  the  schools 
which  had  genuine  university  affiliation  often  had  serious  deficiencies  in  eciuip- 
ment.  Moreover,  even  those  schools  which  were  integral  parts  of  a  university 
and  which  might  therefore  receive  financial  and  intellectual  sustenance  thereby, 
had  in  most  instances  no  control  of  the  clinical  facilities  which  they  used.  Hence 
the  medical  student  might  visit  the  wards  or  dispensaries  of  a  nearl)y  hospital 
as  a  tolerated  guest,  on  sufferance  and  not  by  right.  Even  in  the  better  schools 
the  clinical  training  of  the  student  might  depend  on  the  precarious  pleasure  of 
hospital  trustees  or  superintendents. 

Flexner  recommended  that  the  number  of  four-year  medical  schools  in  the 
United  States  be  reduced  drastically  to  31.  The.se  schools  would  produce  on  the 
average  70  graduates  each  year,  or  a  total  of  about  2000.  With  few  exceptions 
the  schools  would  be  departments  of  universities;  not  more  than  one  would  be 
located  in  any  one  city.  The  schools  selected  for  survival  would  l)e  distributed 
according  to  the  major  sections  of  the  country.  This  plan  would  secure  for  the 
American  people  an  adequate  number  of  physicians  thoroughly  trained  in 
modern  medicine  and  wisely  dispersed  throughout  the  country. 
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The  Flexner  Report  was  a  thorough  syytematic  and  frank  c.vpo.He.  The  reaction 
is  thus  described  in  Flexner's  autobiography,  /  Remember: 

"The  medical  profession  and  the  facuUies  of  the  medical  schools,  as  well 
as  the  state  boards  of  examiners,  were  absolutely  fial)bergasted  by  the  pitiless 
exposure.  We  were  threatened  with  lawsuits,  and  in  one  instance  actually 
sued  for  libel  for  $150,000.*  I  received  anonymous  letters  warning  me  that 
I  should  be  shot  if  I  showed  myself  in  Chicago.  .  .  .  Schools  collapsed  to  the 
right  and  left,  usually  without  a  murmur.  A  number  of  them  pooled  their  re- 
sources. .  .  .  The  fifteen  schools  in  Chicago,  which  I  had  called  "the  plague  spot 
of  the  country  in  respect  to  medical  education,"  were  shortly  consolidated  into 
three"  (3). 

In  order  to  form  a  just  estimate  of  the  changes  which  occurred  in  the  decade 
that  followed  the  Flexner  Report,  we  must  consider  certain  components  of  the 
social  climate.  A  prominent  feature  was  the  zeal  for  reform.  As  the  nineteenth 
century  gave  place  to  the  twentieth,  nineteenth  century  reform  movements, 
such  as  collectivism,  the  early  temperance  agitation,  and  populism,  gave  place 
to  the  single-tax  movement  led  l)y  Henry  George,  the  painful  revelations  of 
Jacob  Riis  and  Upton  Sinclair,  the  begiimings  of  the  medical  social  service 
movement  (4)  the  progressi\-ism  and  "trust-i)usting"  of  Theodore  Roosevelt, 
the  pure-food  and  drug  laws  associated  with  the  name  of  Harvey  Wiley,  and  the 
meliorism  of  Woodrow  Wilson.  It  was  part  of  American  tradition  that  the  reform 
of  evils  which  pained  the  public  conscience  should  be  accomplished  by  free  citizens 
freely  associated.  Thus  the  reforms  conducted  by  the  American  Medical  Associa- 
tion and  the  Association  of  American  Medical  Colleges  were  in  accord  with  na- 
tional custom.  Governmental  participation  occurred  mainly  at  the  level  of  the 
individual  states  and  took  the  form  of  development  of  state  universities  and  im- 
provement in  the  regulation  of  licensure.  In  1910  the  Council  on  Medical  VAn- 
cation  (5)  complained  of  the  inconsistency  of  state  legislatures,  which,  after 
adopting  strong  medical  practice  acts  that  provided  for  fair  educational  stand- 
ards, w^ould  then  proceed  to  limit  the  power  of  the  state  licensing  boards  by 
granting  special  legislation  for  various  medical  sects  which  had  low  educational 
standards.  Instead  of  a  single  licensing  board  for  each  state  and  territory  the  49 
jurisdictions  had  82  boards,  including  sectarian  boards. 

As  might  have  been  expected,  the  educational  affairs  of  the  country  were 
influenced  l)y  economic  conditions.  Since  the  Civil  War,  American  industry  had 
passed  through  a  period  of  \-igorous  expansion,  which  successfully  overcame  the 
frefjuent  financial  panics  and  which  as  yet  suffered  no  effective  restraint  by 
government.  During  the  three  decades  from  18(j0  to  1890  a  logarithmic  growth 
had  doubled  the  nation's  population,  its  population  density,  and  its  per  capita 

*  According  to  information  obtained  from  Hon.  I'liclini  O'Toole,  Clerk  of  the  Circuit 
Court,  Eighth  Judicial  Circuit  of  Missouri  (letter,  July  Ki,  195G)  the  St.  Louis  College  of 
Physicians  and  Surgeons  sued  Messrs.  A.  Flexner,  H.  S.  Pritchett  and  George  H.  Simmons. 
The  case  was  never  tried  but  was  dismissed  for  want  of  prosecution  on  Feb.  20,  1911.  Fle.x- 
ner's  entertaining  desorijition  of  this  school  ("one  of  the  worst  in  the  country")  is  on  page 
25()  of  his  Report. 


MEDICAL  EDUCATION  IN  UNITED  STATES 


wcallli.  All  iiuportaiit  l)y-])i-()(luct  was  the  croalion  of  a  .small  iniiiibcr  of  multi- 
millionaires, some  of  wliom  developed  into  practical  philanthropists.  At  about 
the  same  time  the  application  of  newer  scientific  methods  to  medicine  began  to 
yield  the  definite  promise  of  effective  prophylaxis  and  treatment  of  disease.  Thus 
medical  science  and  medical  education  stood  to  reap  the  golden  liai\'est  which 
in  earlier  periods  would  have  gone  to  theology. 

Another  element  of  the  American  scene  was  the  presence  of  men  who  had 
been  influenced  l)y  European,  especially  German,  medical  science.  The  most 
notable  and  most  influential  were  Welch,  Mall,  and  Flexner.  These  men  and 
others  of  similar  outlook  provided  much  of  the  strategy  of  the  campaign.  Welch 
was  a  pathologist  and  hygienist.  Mall  was  an  anatomist.  Flexner  was  an  edu- 
cator who  enjoyed  the  confidence  of  philanthropists.  It  is  significant  that  neither 
Welch  nor  Mall  had  practiced  medicine;  Flexner,  indeed,  was  not  a  physician. 

Much  of  the  educational  development  which  is  to  be  described  in  these  pages 
can  be  regarded  as  part  of  the  general  transition  of  American  society  from  an 
indifferently  organized  laissez-faire  structure  to  a  more  mature,  more  concen- 
trated, and  more  highly  organized  mechanism.  In  the  field  of  medical  education 
results  appeared  promptly.  The  educational  standard  proposed  in  1905  and  pub- 
lished in  190G  as  "ideal"  became  the  essential  reciuirement  for  the  session  of 
1914-15. 

The  change  was  accomplished  by  the  continuous  systematic  collection  of  data 
and  by  continuous  publicity.  In  1907,  as  has  been  stated,  the  Council  on  Medical 
Education  of  the  American  Medical  Association  completed  its  first  survey  of 
American  medical  schools;  the  results  were  communicated  to  the  individual 
schools  but  were  not  published.  The  results  of  the  second  tour  were  presented 
in  the  Journal  of  the  American  Medical  Association  in  1910  in  the  armual  number 
which  the  Journal,  since  1901 ,  has  devoted  to  medical  education.  Thus  the  details, 
which  included  the  embarrassing  division  of  the  medical  schools  into  classes  A, 
B,  and  C,  were  placed  publicly  on  record.  This  was  not  the  hrst  time  that  the 
American  people  had  employed  publicity  as  an  engine  of  reform. 

Inevitably  the  question  of  standardization  arose.  In  part  this  resulted  from  a 
merely  verbal  confusion,  since  the  word  'standardization'  could  signify  either 
the  creation  of  standards  or  the  enforcement  of  uniformity.  Welch,  for  example, 
stated  in  1910  (G).  "The  tendency  in  late  years  has  been  to  attempt  to  stand- 
ardize the  medical  curriculum,  but  I  would  not  consider  that  synonymous  with 
fixing  standards.  Standardizing  a  curricuhim  designates  what  subjects  shall  be 
contained  in  it  and  how  many  hours  or  periods  shall  be  devoted  to  each  subject. 
There  is  great  danger  in  such  efforts.  We  are  not  in  a  position  today  to  thus  stand- 
ardize our  curriculum.  If  we  attempt  to  do  it,  we  imply  that  we  have  reached 
results  more  or  less  final  in  methods  of  education.  We  ought  to  recognize  that  we 
are  at  present  only  in  a  transitional  stage  of  medical  education." 

From  the  viewpoint  of  traditional  Americanism,  with  its  historical  background 
in  a  nation  built  from  thirteen  separate  colonies,  uniformity  superimposed  by  a 
central  authority  presented  an  odious  threat.  This  threat  did  not  lose  its  strength 
during  later  decades  which  saw  a  steady  advance  in  the  centralization  and  "uni- 
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t'onnization"  of  Aiiu'rican  life  (7).  Yet  subseciueiit  experience  was  to  show  that, 
long  after  a  high  level  of  instruction  had  become  universally  prevalent,  significant 
numbers  of  medical  schools  continued  to  experiment  with  new  organizational 
methods  and  new  educational  techniciues.  Thus  the  earlier  fear  of  sterile  uni- 
formity was  disproved  in  the  event. 

Other  opposition  to  the  changes  in  American  medical  education  took  the 
guise  of  a  defense  of  democracy  and  eciuality.  The  following  example  is  offered 
for  the  delectation  of  logicians  and  acrobats: 

"We  have  been  trying  to  establish  as  a  requirement  for  the  study  of  medicine 
a  thing  which  is  not  demanded  of  a  man  to  ciualify  him  for  the  presidency  of 
the  United  States,  a  chief  justice,  a  legislator  or  any  other  high  ofhce.  A  man  can 
hold  any  of  our  public  offices  without  having  seen  the  inside  of  a  college,  and 
yet  we  are  demanding  that  before  he  is  even  qualified  to  study  medicine  he  shall 
have  a  bachelor  of  science  degree!  If  a  man  has  not  had  an  opportunity  for  just 
the  prescribed  education,  but  he  has  some  sense  and  is  capable  of  acquiring  the 
necessary  qualifications  he  should  be  permitted  to  study  medicine.  To  say  to  a 
man  that  because  he  has  not  had  certain  specified  training  'you  shall  not  be 
permitted  to  study  medicine'  is  distinctly  un-American  and  undemocratic  and 
and  should  not  be  tolerated"  (8). 

Another  step  in  the  development  of  standards  was  the  establishment  of  the 
National  Board  of  Medical  Examiners,  which  occurred  in  1915.  Significantly, 
the  new  organization  first  sought  and  obtained  the  approval  of  the  American 
Medical  Association,  then  began  to  hold  examinations.  Soon  the  Board  was 
recognized  by  the  Armed  Forces.  In  1920  its  diploma  was  endorsed  by  British 
authorities  and  by  the  American  College  of  Surgeons.  In  1922  the  three-part 
examination  was  introduced. 

Number  of  Medical  Schools  and  Studcrds 

For  the  academic  year  ending  in  1910  the  American  Medical  Association* 
reported  that  thei'e  were  in  the  United  States  131  medical  schools  with  21,526 
students  and  4440  new  graduates.  The  66  Class  A  schools  had  12,530  students 
(58.2  per  cent  of  the  total  number)  and  3165  graduates.  The  43  Class  B  schools 
had  6944  students  and  854  graduates.  The  22  Class  C  schools  had  2052  students 
and  421  graduates.  Continuing  a  trend  which  had  begun  earlier,  the  weakest 
schools  perished,  while  schools  in  the  higher  categories  amalgamated  or  improved. 
The  number  of  medical  schools  was  85  in  1919,  and  continued  to  decrease  for  ten 
years  thereafter.  The  year  1919  witnessed  the  minimum  registration;  12,930  stu- 
dents, of  whom  87.9  per  cent  were  enrolled  in  Class  A  schools.  Never  in  the  pre- 
ceding thirty  years  had  the  country  had  so  few  medical  students  or  so  high  a 
proportion  who  were  well  trained. 

*  Statistics  not  specifically  credited  to  other  sources  have  been  drawn  from  tiie  Journal 
of  the  American  Medical  Association,  usually  from  the  annual  issue  devoted  to  medical 
education.  Statistics  referring  to  any  given  year  and  published  in  the  J. A.M. A.  have  some- 
times undergone  slight  correction  in  later  years.  For  the  most  convenient  retrospective 
tables  see  .J.A.M.A.,  1.5.3:  IH),  195.3;  15(i:  148,  1954;  159:  .582,  1955;  1(11 :  1()53,  19.56. 
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While  I  lie  juhciit  of  World  War  I  caused  the  (einporary  withdrawal  of  larfi;e 
iiuinhei-s  of  instructors  from  the  niecUcal  schools  and  imposed  added  pedagogic 
burdens  on  the  remainder,  it  produced  no  comparable  interruption  in  the  careers 
of  most  students.  Although  the  Selective  Service  Act  of  1917  did  not  specifically 
exempt  medical  students,  an  adequate  solution  was  found  in  the  National  De- 
fense Act  of  1915,  which  p^)^-ided  for  a  Medical  Officers'  Reserve  Corps  and  also 
for  an  Enlisted  Medical  Reserve  Corps  in  which  medical  students  could  be  re- 
tained until  completion  of  medical  schooling  and  internship.  Similarly  the  Stu- 
dents' Army  Training  Corps  provided  a  means  of  i-etaining  premedical  students 
at  their  work  (9). 

At  this  juncture  it  is  convenient  to  notice  very  briefly  a  few  additional  effects 
of  World  War  I  on  American  medicine.  In  addition  to  providing  impetus  to 
purely  technical  advances  in  metlical  practice,  such  as  the  treatment  of  infections 
and  wounds,  the  sudden  demands  of  military  service  revealed  that  the  prevalence 
of  physical  and  mental  defects  in  the  American  population  was  far  greater  than 
had  been  suspected.  Moreover  there  was  an  appalling  scarcity  of  truly  qualified 
experts  in  all  branches  of  laboratory  and  clinical  medicine.  Both  of  these  revela- 
tions suggested  that  the  nation  had  a  large  educational  task  before  it,  even  if 
uninterrupted  peace  was  to  prevail. 

The  war  also  provided  the  occasion  for  an  inventory  of  psychic  resources.  In- 
telligence tests  were  widely  done  and,  though  the  results  were  later  contested, 
showed  or  appeared  to  show  the  relative  intelligence  of  men  from  different  parts 
of  the  country,  different  racial  strains,  and  different  occupational  groups.  Accord- 
ing to  one  unflattering  survey,  U.  S.  Army  medical  officers  ranked  low  in  intelli- 
gence, although  those  who  had  been  trained  in  schools  which  demanded  high 
qualifications  at  entrance  ranked  above  those  who  came  from  less  exacting 
schools  (10).  Intelligence  testing  thus  advanced  to  prominence  during  the  war 
and  was  soon  to  make  its  entry  into  the  field  of  medical  education. 

The  decline  in  the  number  of  medical  schools  in  the  decade  under  consideration 
was  accompanied  by  a  steady  change  in  their  character.  Almost  every  school 
became  part  of  a  university,  and  some  affiliations  previously  nominal  were  now 
fortified  in  reality.  This  transformation  was  bound  to  have  an  important  and 
complex  influence  on  the  character  of  medical  instruction  and  on  the  character- 
istics of  the  newer  physicians. 

The  laboratory  studies  which  commence  the  medical  novitiate  were  increased 
in  length,  value,  and  impressiveness,  partly  with  the  intent  that  scientific  habits 
of  thought  should  al)ide  with  the  student  through  the  latter  clinical  part  of  the 
curriculum  and  indeed  through  his  career  as  physician.  At  the  same  time,  those 
who  taught  the  preclinical  scientific  subjects,  usually  doctors  of  philosophy  and 
not  doctors  of  medicine,  tended  to  acfjuire  increasing  influence  in  the  affairs  of 
the  medical  schools,  especially  with  respect  to  (-urricuilum.  These  men  worked  on 
a  full-time  schedule,  exactly  like  their  counterparts  in  the  vnidergraduate  colleges. 
Their  increasing  power  was  not  unnoticed  or  unopposed  (11). 

Although  almost  every  medical  school  became  part  of  a  university  and  tended 
to  adopt  the  standards  and  attitudes  thereof,  the  influence  of  the  universities 
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uiH)n  the  medical  schools  was  predoiniiiautly  coiiliiicd  to  science  and  technology. 
Humanistic  influences  were  transmitted  little  if  at  all.  The  reasons  tor  this  im- 
portant failure  will  be  discussed  in  later  paragraphs. 

Improvement  in  preclinical  instruction  was  conunon  among  the  better  medical 
schools  before  1910.  The  provision  of  proper  facilities  for  clinical  instruction  was 
slower  to  develop ;  its  progress  was  no  doubt  accelerated  by  the  progress  of  union 
between  medical  schools  and  universities,  since  a  medical  school  which  had  come 
under  the  aegis  of  a  university  would  have  improx'ed  its  chances  to  obtain  or 
construct  a  teaching  hospital. 

Prerequisites  for  Admission  to  Medical  Schools 

It  was  in  the  matter  of  standards  of  admission  that  the  medical  schools  most 
convincingly  demonstrated  their  improvement.  In  1905  the  Council  on  Medical 
Education  adopted  as  an  ideal  standard  the  prerequisite  of  one  year  of  premedical 
study  devoted  to  physics,  chemistry  and  biology  (12,  13).  Since  the  sudden  im- 
position of  these  "ideal  requirements"  might  cause  excessive  difficulty,  in  part 
because  of  the  scarcity  of  four-year  high  schools,  especially  in  the  South  and  the 
West,  and  might  even  provoke  a  destructive  counter-reaction,  the  Council  also 
devised  a  temporary  standard  prerequisite,  viz.  four  years  of  work  in  high  school. 
The  prerequisites  actually  enforced  in  1909  were  reported  by  Flexner  in  his 
survey  and  have  been  summarized  in  an  earlier  paragraph  of  this  essay;  the 
conditions  which  Flexner  observed  were  clearly  transitional.  By  the  academic 
year  1914-15  the  ideal  standard  had  become  the  essential  requirement.  In  1920 
Col  well  (14)  found  that  all  but  five  of  the  85  extant  medical  schools  required  for 
admission  two  or  more  years  of  study  in  courses  regularly  leading  to  the  bacca- 
laureate degree  in  approved  colleges  of  arts  and  sciences. 

Since  the  enforcement  of  these  prerequisites  made  a  deep  imprint  on  American 
medical  education,  they  have  a  just  claim  on  our  attention.  For  the  vast  majority 
of  candidates  the  requirement  of  a  year  of  scientific  study  on  the  college  level 
represented  an  accretion  over  the  high  school  course  which  would  otherwise  have 
constituted  their  entire  preparation.  The  new  prerequisites  were  not  aimed  at  a 
body  of  humanistically  educated  men  who  might  be  deficient  in  knowledge  of 
the  natural  sciences;  they  were  aimed  predominantly  at  a  body  of  men  who  had 
had  no  adult  education,  either  broadly  humanistic  or  narrowly  scientific,  and 
who  must  be  compelled  to  accjuire  at  least  the  rudiments  of  natural  science. 
Such  men  were  now  to  have  one  or  two  years  in  which  they  must  cope  with 
chemistry,  physics,  and  zoology.  Each  of  these  subjects  reciuired  many  hours  of 
work  in  the  laboratory  in  addition  to  hours  in  the  lecture  hall.  Any  time  remain- 
ing might  be  devoted  to  such  afterthoughts  as  literature  and  languages. 

As  a  consequence  of  these  educational  changes,  the  high  school  graduate  Who 
had  one  or  two  years  to  devote  to  premedical  studies  spent  all  or  nearly  all  his 
premedical  time  in  the  natural  sciences;  among  these  sciences,  chemistry  took  the 
lion's  share  of  available  hours.  Students  who  could  afford  to  spend  four  years  in 
undergraduate  colleges  now  usually  found  it  easier  and  more  congenial  to  take 
advanced  courses  in  the  sciences,  especially  chemistry,  rather  than  risk  new 
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;ul\(Mit iiics  in  sucli  iinprnct icnl  niid  innicccssarv  luxuries  as  tlu;  (classics  or  philos- 
ophy. Hence  even  the  fortunate  ehte  who  had  baccalaureate  degrees  at  the  time 
of  entering  medical  school  were  often  men  who  had  spent  their  undei'graduate 
years  mainly  in  the  laboratory,  especially  the  chemical  laboratory,  and  had  paid 
no  more  than  a  minimal  and  perfunctory  obeisance  to  anything  in  the  field  of  the 
liberal  arts.  Moreover  several  universities  permitted  a  curious  transaction 
whereby  the  first  year  of  the  regular  medical  course  counted  toward  both  the 
baccalaureate  degree  and  the  medical  degree.*  This  disgraceful  subterfuge 
deviated  numbers  of  students  away  from  the  liberalizing  influences  of  a  senior 
year  at  college.  Thus  the  predominant  effect  of  the  new  prereciuisites  on  the 
overwhelming  majority  of  students  was  to  force  them  into  the  natural  sciences 
and  away  from  the  liberal  arts.  The  system  was  one  which  might  produce  mecha- 
nists, materialists,  and  competent  technicians  but  was  unlikely  to  create  edu- 
cated men. 

Among  the  scientific  subjects  demanded  as  prerequisites  the  dominant  position 
was  held  by  chemistry.  Usually  the  candidate  for  admission  to  the  medical 
school  presented  at  least  two  courses  in  chemistry,  one  in  physics  and  one  in 
zoology.  Thus  chemistry  constituted  half  of  the  customary  minimum  pre- 
prerequisite.  No  doubt  this  is  a  reflection  of  the  condition  of  medical  thought  in 
1!)05,  when  chemistry  promised  to  be  the  basis  of  important  advances  in  medi- 
cine, while  physics  may  have  seemed  remote  and  not  extensively  apphcable.  In 
1905,  moreover,  psychology  and  anthropology  were  little  developed  in  the 
United  States;  in  anthropology,  for  example,  there  were  only  three  fuU-fiedged 
academic  departments  in  the  whole  country.  Thus  at  this  time  chemistry  achieved 
the  primacy  which  it  never  relincjuished,  although  the  subsequent  fifty  years 
were  to  witness  great  advances  in  other  sciences  which  might  equally  deserve  the 
attention  of  the  candidate  for  admission  to  medical  school. 

Curricula  of  Medical  Schools 

Consideration  of  prerequisites  has  seemed  worthy  of  extensive  discussion 
because  the  attitudes  and  limitations  imprinted  on  the  future  doctor  during  his 
premedical  studies  usually  remained  with  him  through  his  years  as  a  medical 
student  and  ever  afterward.  The  strengthening  of  prerequisites  was  accom- 
panied by  an  equally  impressive  reform  of  the  medical  curriculum.  The  academic 
year  was  lengthened.  The  course  was  graded  and  was  increased  to  four  years. 
Good  laboratory  instruction  in  the  preclinical  sciences  became  nearly  universal. 

Among  the  preclinical  subjects  anatomy  long  held  dominance,  which  it  was  to 
lose  gradually  in  later  decades.  At  the  same  time  this  subject,  as  a  result  of  the 
influence  of  Mall,  was  escaping  from  its  thralldom  to  surgery  and  was  developing 
as  an  independent  scientific  discipline;  this  change  had  potentialities  of  good  and 
evil  for  the  education  of  the  physician.  The  osteological  part  of  the  anatomy 
course  was  often  taught  l)y  lectures  or  demonstrations.  Oi-adually  this  method 

*  A  combiiKul  course  constructed  somewhat  aloufj;  these  lines  and  apparently  the  first 
in  the  country  was  instituted  at  the  University  of  Michigan  in  1892.  See  The  Univ.  of  Mich, 
an  Encyclopedic  Survey,  Ann  Arbor,  1951,  part  V,  1.783. 
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was  rcphuHHl  hy  tlic  usr  of  coUiH't ions  ol'  hones  loaned  to  tli(>  indix  idual  students. 
Mucli  of  the  student's  time  was  wasted  in  the  fruitless  effort  to  memorize  a  huge 
textbook,  such  as  Gray's  Anatomy,  which  mifi;ht  have  been  used  more  intelli- 
gently as  a  work  of  reference.  These  were  the  shackles  of  tradition. 

Instruction  in  bacteriology  was  often  given  in  association  with  or  subordina- 
tion to  that  in  pathology  or  hygiene,  just  as  in  an  earlier  era  professorships  of 
pathology  were  often  combined  with  those  of  medicine  or  therapeutics.  With 
the  development  of  graded  curricula,  instruction  in  bacteriology  was  usually 
designed  to  precede  that  in  pathology,  whether  the  two  subjects  were  taught  by 
separate  or  by  conjoined  departments. 

Since  the  end  of  the  nineteenth  century  the  instruction  in  physiology  given  in 
the  better  schools  included  a  laboratory  course  in  which  the  students,  singly  or 
in  groups,  carried  out  all  but  the  most  difficult  of  the  experiments.  This  method 
gradually  became  universal  t)ut  did  not  entirely  supplant  lectures  and  profes- 
sorial demonstrations. 

Biological  chemistry  is  generally  believed  to  have  been  the  best  taught  of  all 
the  preclinical  sciences,  perhaps  because  a  good  tradition  had  been  established 
by  teachers  like  Chittenden  or  because  the  students  had  been  heavily  precondi- 
tioned toward  chemistry  by  the  predominantly  chemical  orientation  of  their 
premedical  studies,  or  perhaps  because  the  inherent  simplicity  of  the  subject, 
presented  without  its  philosophical  and  social  implications,  did  not  overstrain 
the  reason. 

The  teaching  of  pharmacology  was  inadeciuate  in  not  a  few  schools  and  absent 
in  others.  Where  the  subject  was  taught  by  biochemists  and  treated  as  a  spe- 
cialized variety  of  biochemistry,  the  correlation  with  clinical  medicine  was  apt 
to  be  feeble.  Pharmacognosy  suffered  decline,  then  banishment;  thereby  was 
severed  the  last  link  in  the  traditional  botanical  training  of  the  physician. 
Pharmaceutical  elements  were  likewise  gradually  extruded  from  the  curricula. 

Instruction  in  psychiatry  was  weak  and  consisted  mainly  of  visits  to  state 
hospitals  and  their  hopeless  cases  of  advanced  mental  disease.  Although  Freud 
had  lectured  in  America,  psychiatry  had  not  yet  become  a  significant  force  in 
American  culture  or  in  American  medical  education.  There  were,  however,  a 
few  evidences  of  progress.  In  190(3  the  University  of  Michigan  opened  the  first 
psychiatric  hospital  in  the  United  States  to  be  affiliated  with  a  medical  school 
and  arranged  a  clinical  course  integrated  with  the  rest  of  the  curriculum.  Analo- 
gous institutes  were  created  at  Harvard  in  1912  and  Johns  Hopkins  in  1913.  The 
subse(iuent  decade  saw  further  developments  along  the  same  line. 

General  clinical  teaching  began  to  improve  as  universities  started  to  accjuire 
dispensaries  and  hospitals  suitable  for  purposes  of  instruction,  yet  much  so-called 
clinical  teaching  consisted  of  demonstrations  in  which  a  patient  was  brought 
before  a  whole  class.  This  crude  method  made  no  provision  for  history-taking 
and  physical  examination  by  the  student. 

Symbolic  of  future  progress  was  the  offer  made  by  Mr.  Edward  S.  Harkness 
(1914),  who  donated  over  a  million  dollars  to  The  Presbyterian  Hospital  of  New 
York  on  condition  that  it  become  afiiliated  with  Columbia  University.  Having 
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developed  in  separate  and  different  dirootions,  inedicuil  s(;h<)ols  and  liospitals  were 
HOW  starting  to  converge.  In  general,  the  uni\('rsilies  wen?  more  willing  than  the 
hospitals  to  participate  in  affiliations. 

The  extension  and  improvement  of  laboratory  instruction  in  the  preclinical 
subjects  and  the  spread  and  fortification  of  bedside  teaching  in  the  clinical  sub- 
jects operated  alike  to  cause  the  decline  of  the  lecture  as  a  didactic  tool.  Lectures 
became  less  numerous,  less  important  and,  though  this  is  hard  to  prove,  less 
meritorious.  Thus  a  useful  technique  lapsed  into  undeserved  disrepute.  It  is 
probably  significant  that  American  oratory  declined  at  about  the  same  time. 

The  improvement  and  specialization  of  laboratory  teaching  entailed  the  risk 
of  its  divorce  from  clinical  medicine.  In  response  to  this  threat  a  teacher  of  phys- 
iology, as  early  as  1914,  sought  to  improve  interdepartmental  correlation  by  in- 
viting chemists,  anatomists,  and  internists  to  participate  in  his  work.  This  scheme 
appears  not  to  have  been  very  successful  (15). 

Full-time  Teachers  in  Medicine 

It  has  been  observed  in  previous  paragraphs  that  before  the  end  of  the  nine- 
teenth century  the  development  of  laboratory  teaching  in  American  medical 
schools  began  to  outstrip  the  development  of  clinical  teaching.  Until  the  middle 
of  the  decade  which  followed  the  Flexner  report  all  clinical  teaching  was  con- 
ducted by  practitioners  who  also  engaged  in  the  private  practice  of  medicine; 
some  of  these  were  men  of  very  great  ability  and  distinction.  As  Pincoffs  has 
stated: 

"Along  with  its  major  defects  this  system  had  one  quality  of  value.  The  clinical 
chairs  were  held  in  the  better  schools  by  the  leading  practitioners  and  consultants 
of  the  community.  These  men  brought  to  their  teaching  a  point  of  view  developed 
l)y  their  experience  with  disease  in  the  home,  the  office  and  the  hospital.  They 
were  accustomed  to  take  into  account  the  family  and  the  environment.  They 
were  also  very  commonly  the  leaders  in  the  medical  activities  of  the  profession 
in  their  community  (16). 

Before  the  end  of  the  nineteenth  century  the  establishment  of  the  full-time 
system  in  clinical  departments  was  envisaged  by  a  few  men  such  as  Welch  and 
Mall.  These  men  apparently  derived  the  idea  from  Carl  Ludwig,  who  may  have 
aciiuired  it  frcjm  Hugo  von  Ziemssen  (17,  18).  In  America  another  early  advocate 
of  full-time  was  William  Rainey  Harper  of  Chicago  (19),  influenced  by  Mall. 
Osier  until  almost  the  end  of  his  life  stood  in  opposition  (20).* 

Definite  action  did  not  occur  until  1913,  when  the  General  Education  Board, 
after  two  years  of  discussion  and  planning,  donated  to  The  Johns  Hopkins  Medi- 
cal School  the  sum  of  $1,000,000  for  the  purpose  of  reorganizing  the  medical, 
surgical,  and  pediatric  departments  on  a  full-time  plan  (3).  Similar  reforms  were 

*  For  the  opinions  and  reactions  of  other  prominent  medical  teachers,  see  (a)  Chesney, 
A.  M.:  The  Coming  of  Full  Time  to  the  Hopkins  and  Halsted's  Attitude  Toward  the  Plan, 
Surgery  32:  482,  1952;  (b)  Finney,  J.  M.  T.:  A  Surgeon's  Life,  New  York,  Putnam,  1940,  pp. 
229;  (c)  Barker,  L.:  Time  and  the  Physician,  New  York,  Putnam,  1942,  pp.  115  and  190.  (d) 
Sabin,  F.:  Franklin  Paine  Mall,  Baltimore,  .Johns  Hojjkins  Press,  1934.  pp.  114. 
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Fig.  1.  Cartoon  in  the  Balliinorc  Anteriran,  ( )ftoher  30,  1913.  Rei)roduced  b,\'  ])ermission 

soon  instituted  at  Washington  I'niversity,  Yale,  and  elsewhere.  After  this  the 
system  continued  to  spread  and  continued  to  arouse  both  praise  and  opposition; 
the  contention  had  not  ceased  by  the  middle  of  the  century. 

Research 

During  the  decade  which  we  have  been  considering,  the  impressive  administra- 
tive and  pedagogic  developments  of  American  medical  schools  were  not  paralleled 
by  any  comptirable  development  of  research.  It  is  true  that  a  very  few^  advanced 
schools,  notably  Johns  Hopkins  (21),  continued  their  investigative  activity,  but 
most  of  the  other  schools  as  yet  had  accomplished  little.  Since  one  important  re- 
search center,  the  Rockefeller  Institute  for  Medical  Research,  was  entirely  in- 
dependent of  universities,  it  is  at  least  theoretically  possible  that  medical  re- 
search in  America  might  have  developed  preponderantly  through  the  creation 
of  independent  research  institutes,  separate  from  universities  and  segregated 
from  the  lives  of  professors,  practitioners  and  patients.  It  may  be  deemed  fortu- 
nate that  history  took  a  different  course. 

Since  the  beginning  of  the  century  small  research  grants  were  made  by  various 
agencies  of  the  American  Medical  Association  (22).  An  example  of  specialized 
benefaction  was  the  Crocker  Research  l*"und,  given  to  Columbia  I'niversity  in 
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tor  research  on  cancer.  One  of  the  most  lanious  (level(jpnieiits  was  the  es- 
tahUshnient  of  The  Johns  Hopkins  School  of  IIyfj;iene  and  I'uhlic  Health  (1916), 
which  achied  to  the  volume  of  medical  research  hy  univei'sit ies.  But  the  ^reat 
])eriod  was  yet  to  come. 

(rraduulc  Ediicdlion 

The  memorable  achievements  in  the  development  of  undergraduate  medical 
education  which  occurred  during  the  second  decade  of  the  century  were  accom- 
panied or  followed  V)y  important  but  less  conspicuous  advances  in  graduate 
medical  education.  In  1912  the  Council  on  Medical  Education  made  an  initial 
survey  of  hospital  internships;  this  was  the  forerunner  of  a  regular  series  of  pub- 
lished reports.  At  about  the  same  time  the  American  College  of  Surgeons  (1913) 
and  the  American  College  of  Physicians  (1915)  were  founded.  These  organiza- 
tions exerted  a  prompt  and  favorable  effect  on  the  educational  standards  (and 
also  on  the  administrative  and  physical  standards)  of  hospitals.  Especially  note- 
worthy were  the  hospital  surveys  conducted  in  1918  and  subsequent  years  by 
the  American  College  of  Surgeons  (23).  In  1918  the  Council  on  Medical  Educa- 
tion prepared  a  schedule  of  standards  for  the  training  of  interns.  In  the  following 
year  the  hrst  edition  of  "Essentials  of  a  Hospital  Approved  for  Internship"  was 
published.  In  1919-20  a  complete  survey  of  hospitals  w-as  made,  and  in  1920  the 
duties  of  the  Council  on  Medical  Education  "were  enlarged  to  include  all  the 
hospital  activities  of  the  American  Medical  Association"  (24). 

In  1914  the  University  of  Minnesota  Graduate  School  of  Medicine  was  or- 
ganized, to  which  in  1915  the  resources  of  the  Mayo  Foun'''ation  were  added. 
The  first  complete  inspection  of  all  graduate  and  postgraduate  medical  schools 
was  made  by  the  American  Medical  Association  in  1916;  a  second  inspection  was 
made  three  years  later.  Another  significant  development  occurred  in  1916,  with 
the  establishment  of  the  American  Board  of  Ophthalmology  (incorporated  in 
1917),  the  first  of  a  series  of  voluntary  organizations  devoted  to  the  examination 
and  accreditation  of  specialists.  It  was  historically  appropriate  that  this  move- 
ment should  l)egin  with  one  of  the  oldest  specialties  known  to  medical  annals. 
Despite  these  and  other  developments  it  was  recognized  that  important  problems 
in  graduate  and  postgraduate  medical  education  remained  for  later  decades  to 
confront. 

Finances  of  Mcdicnl  Edncation 

The  changes  which  have  l^een  summarized  thus  far  in  the  present  chapter  neces- 
sarily had  financial  and  economic  implications,  which  can  be  given  no  more  than 
brief  mention  here.  The  period  vmder  consideration  was  one  of  a  general  rise  in 
prices,  which  was  to  continue,  with  more  exacerbations  than  remissions,  into  the 
second  half  of  the  century.  At  the  same  time  the  advance  in  medical  knowledge 
implied  that  a  greater  and  more  diverse  body  of  theoretical  and  factual  matter 
must  be  presented  to  the  student.  The  steadily  increasing  absolute  expensiveness 
of  this  transmission  soon  forced  the  proprietary  schools  to  close  their  doors,  since 
the  costs  of  medical  education  could  now  no  longer  be  borne  by  students'  fees. 
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Indeed  it  speedily  became  apparoiit  that  monies  derived  from  students  could  pay 
only  about  one  third  or  one  fourth  of  the  cost  of  education.  This  was  true  despite 
the  fact  that  tuition  fees  rose  steadily.  According  to  the  American  Medical  As- 
sociation, from  1910  to  1915  most  schools  charged  $150  or  less  per  year.  From 
1916  to  1922  the  majority  charged  more  than  S150  (25).  Even  greater  increases 
were  in  prospect. 

Since  Americans  had  not  yet  learned  to  look  to  the  federal  government  for 
manna,  the  necessary  financial  sustenance  could  only  come  from  university  funds, 
from  individual  donors,  or  foundations.  The  latter  were  slowly  increasing  in  size 
and  numljcr.  But  most  private  persons,  including  the  wealthiest,  had  not  yet  come 
to  regard  medical  education  as  the  citizen's  responsibility.  Most  medical  schools 
were  insecurely  financed;  most  medical  professors  were  penurious  unless  they 
could  supplement  their  income  from  practice  or  from  other  sources. 

Education  for  Other  Professions 

The  reform  in  medical  education  which  occurred  in  the  years  immediately  pre- 
ceding and  immediately  following  the  Flexner  Report  exerted  an  influence  beyond 
the  bounds  of  medicine  (26).  In  1913  the  Committee  on  Education  of  the  Ameri- 
can Bar  Association  thus  addressed  the  president  of  the  Carnegie  Foundation: 

"The  Committee  was  greatly  impressed  by  the  investigation,  made  a  few  years 
ago  under  your  direction  by  the  Carnegie  Foundation,  into  the  conditions  under 
which  medical  education  is  carried  on  in  the  United  States.  That  the  medical 
profession  and  the  entire  country  was  placed  under  lasting  obligation  to  your 
organization  because  of  the  service  that  was  then  rendered  is  acknowledged  by 
all  who  know  the  facts. 

The  Committee  of  the  Bar  Association  is  most  anxious  to  have  a  similar  in- 
vestigation made  by  the  Carnegie  Foundation  into  the  conditions  under  which 
the  work  of  legal  education  is  carried  on  in  this  country  .  .  ."  (27). 

The  Carnegie  Foundation  acceded  to  this  request  and  devoted  eight  years  to 
a  study  of  legal  education  (27,  28).  That  no  reform  resulted  comparable  to  the 
reform  which  followed  the  Flexner  Report  may  be  attributed  in  part  to  the  lack 
of  a  powerful  professional  organization  among  lawyers,  in  part  to  legal  tradi- 
tionalism, and  in  part  to  other  causes.  It  is  significant  that  the  Reed  report  on 
law"  schools  contains  innumerable  references  to  medical  education.  In  analogous 
fashion  the  Carnegie  Foundation  undertook  studies  of  education  in  dentistry 
(29)  and  engineering  (30).  The  Mann  Report  on  education  in  engineering  later 
exerted  a  reciprocal  effect  on  medical  education,  evidenced  in  a  correlated  scheme 
of  theoretic  and  practical  training  instituted  at  the  College  of  Medical  Evangelists 
(31)  and  fashioned  after  a  plan  used  at  the  Cincinnati  Engineering  College. 

MEDICAL  EDUCATION  1921  TO  1941 

The  preceding  section  of  this  essay  compassed  the  great  decade  (1910-1920) 
which  followed  the  Flexner  Report.  We  must  now  consider  the  eventful  period  of 
twenty  years  (1921-1941)  which  led  the  American  people,  after  a  brief  prelim- 
inary depression,  through  cheerful  prosperity,  catastrophic  economic  collapse, 
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artificial  economic  restitution,  and  hasty  preparation  for  war.  I'lach  phase  exci  ted 
direct  or  indirect  influence  on  medicine  and  on  medical  education. 

The  period  of  prosperity  witnessed  a  steady  increase  in  American  productive 
])()wei',  the  economy  sliifting  its  emphasis  from  af>i'iculture  to  industry  and  from 
country  to  city.  Industry  became  steadily  more  mechanized;  agriculture  also 
adopted  the  use  of  machines,  but  less  rapidly  and  less  completely.  The  populace 
moved  from  farm  to  city  and  from  city  to  suburbs.  Urbanization  and  industrializa- 
tion provided  a  substrate  on  which  the  beginnings  of  industrial  medicine  were 
establishing  themselves  (32).  Charitable  foundations  increased  in  size  and 
number;  medicine  became  a  favored  but  not  exclusive  beneficiary.  The  federal 
income  tax,  negligible  at  its  inception  in  1913,  soon  burst  out  of  its  infancy. 
Providing  generous  exemptions  on  behalf  of  charitable  benefactions,  it  en- 
couraged many  donors  to  contribute  to  educational  institutions. 

The  Great  Depression,  beginning  in  1929,  brought  unemployment,  starvation, 
and  despair  to  large  numbers  of  people.  The  effects  of  depression  were  aggravated 
by  the  agricultural  calamities  of  the  1930's,  which  caused  large  numbers  of  people 
to  migrate  westw^ard  from  the  "dust  bowl".  Widespread  depletion  or  destruction 
of  individual  financial  resources  must  have  deprived  the  medical  profession  of 
many  promising  students,  yet  enough  applicants  usually  remained  to  fill  the 
rolls.  The  finances  of  charitable  and  educational  institutions  were  weakened,  and 
medical  education  suffered  unmistakable  damage,  as  will  be  noted  in  later  para- 
graphs. 

Against  the  economic  havoc  of  the  1930's  the  American  people  deployed  the 
forces  of  government,  despite  traditional  fears  of  overgrown  central  authority. 
For  good  or  ill,  the  participation  of  the  government  in  all  phases  of  American 
life  did  not  diminish  in  later  decades,  yet  its  influence  in  medical  education,  re- 
strained by  alert  and  articulate  critics,  was  predominantly  beneficial. 

In  the  political  sphere  American  thinking  remained  isolationist  after  World 
War  I,  despite  the  fact  that  the  nation  had  had  commitments  overseas  since  1898. 
Although  the  Rockefeller  Foundation  extended  aid  to  medical  institutions  and 
medical  scientists  in  many  countries,  and  the  medical  missionaries  continued 
their  obscure  labors,  there  is  no  evidence  that  the  American  medical  profession 
generally  was  interested  in  international  public  health,  tropical  medicine,  or 
parasitology.  The  American  physician  was  as  much  an  isolationist  as  his  patients. 
Yet  the  world  wide  influence  of  the  country  was  growing  and  became  inescapably 
obvious  as  World  War  II  approached. 

Within  its  own  confines  the  United  States  continued  to  be  a  mosaic  of  indi- 
vidual states  observant  of  difYering  bodies  of  statute  and  custom.  Thus  the  ad- 
venturous might  still  seek  out  loopholes  in  the  medical  practice  act  of  one  or 
another  state  and  gain  the  diploma  which  merit  would  deny.  Such  opportunities 
became  fewer  in  the  course  of  time. 

American  life  continued  to  change  in  many  important  ways.  The  population 
increased,  longevity  increased,  and,  except  during  depression,  per  capita  wealth 
increased  also.  The  birth  rate  decreased  steadily  from  1924  to  1933,  then  re- 
mained almost  constant  till  1940.  More  people  could  afford  schooling  than  ever 
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het'orc  and  more  people  received  it.  Class  distinction  had  never  been  absolute 
and  social  molality  was  great;  hence  anyone  could  at  least  aspire  to  have  his  son 
or  daughter  enter  the  ranks  of  the  professions. 

Changes  impended  also  in  the  composition  of  the  American  population.  Im- 
migration was  shar[)l3'  and  selectively  reduced  by  a  series  of  Immigration  Acts 
iieginning  in  1921.  The  proportion  of  foreign-born  whites  in  the  population  de- 
clined as  the  proportion  of  native-born  whites  increased.  The  new  laws  were 
based  on  the  belief  that  immigrants  from  eastern  and  southern  Europe  were  less 
desirable  than  those  from  northwestern  Europe. 

The  restriction  of  immigration  was  accompanied  and  in  part  caused  by  re- 
vived anti-foreignism  and  nativism,  which  also  found  expression  in  such  move- 
ments as  the  Ku  Klux  Klan  and  others  that  were  even  worse.  As  will  be  shown 
later,  the  feelings  which  these  movements  embodied  were  not  without  influence 
on  American  medical  education. 

Among  other  changes  which  occurred  in  American  life  we  may  single  out  one 
special  conse(iuence  of  industrialization,  namely  the  development  of  vastly  im- 
proved transportation.  The  increase  in  facilities  for  rapid  convenient  travel  signi- 
fied a  greater  range  of  effectiveness  for  the  individual  physician  and  gave  some 
ground  to  the  contention  that  an  increased  number  of  practitioners  and  specialists 
might  not  be  necessary.  The  precise  measurement  of  the  need  always  remained 
difficult,  however. 

Industrialization  and  its  child,  mechanization,  affected  not  only  the  activities 
of  the  American  but  also  penetrated  his  thinking.  More  and  more  the  American 
became  what  he  himself  loved  to  call  "a  gadgeteer",  relying  on  mechanical  de- 
vices to  save  labor  or  even  for  their  own  sake.  Just  as  the  layman  preferred  the 
lathe  to  the  chisel,  younger  physicians  now  preferred  fluoroscopy  to  physical 
diagnosis,  and  laboratory  tests  increased  in  favor  while  the  old  fashioned  clinical 
history  and  physical  examination  suffered  an  undeserved  and  dangerous  decline 
in  esteem.  Although  the  older  techniques  continued  to  be  taught  and  will  always 
continue  to  be  taught,  the  long-term  effectiveness  of  their  instruction  probably 
was  weakened. 

The  American  continued  to  be  preoccupied  with  his  health,  his  anxiety  being 
stimulated  by  the  press  and  the  mercenary  radio.  Medical  journalism  for  the 
layman  increased  first  in  quantity,  and  later  in  quality.  Thus  the  layman  came  to 
ha^•e  increased  awareness  of  his  diseases  and  his  doctors,  with  little  real  under- 
standing of  either.  The  ordinary  layman's  interest  in  the  problems  of  medical 
education  did  not  develop  to  significant  intensity  until  a  later  period.  There  was 
much  ciiticism  of  physicians  in  the  public  press,  and  this  must  have  impinged 
upon  aspirants  and  medical  students  as  well  as  upon  practitioners. 

Among  literary  intellectuals  in  the  period  between  the  two  world  wars  the 
predominant  mood  was  one  of  disillusion,  which  often  gave  rise  to  expressions  of 
social  criticism.  Expatriation  became  fashionable.  Although  the  Scopes  trial  made 
superficial  diagnosticians  regard  us  as  a  nation  of  cretins,  careful  observers  also 
recognized  elements  of  intellectual  vitality  in  the  proceedings.  That  the  forces 
of  humanism  were  ali\'e  was  evident  from  the  writings  of  Irving  Babbitt  and  a 
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host  of  otluTs.  The  inllucnce  ol'  Freud  and  Marx  iiuireased  .strongly  among  littera- 
teurs; medical  men,  less  immediately  and  less  consciously  responsive  to  general 
intellectual  influences,  became  increasingly  oriented  toward  I''i'eudian  psychiatry 
l)Ut  remained  indifferent  or  hostile  to  Marxist  economics. 

The  American  continued  to  he  a  technician  or  an  organizer  rather  than  a 
thinker,  a  Roman  rather  than  a  Greek*.  This  trait  revealed  itself  in  many 
ways  in  American  medical  education,  especially  in  the  narrow  "practical"  struc- 
ture of  premedical  and  medical  training,  and  equally  in  the  efficient  voluntary 
organization  of  American  medicine  which  was  the  main  engine  of  th(^  educational 
reform  described  in  a  previous  section. 

In  the  world  of  science  the  1920's  and  1930's  continued  to  register  steady  ad- 
vances, most  conspicuously  in  physics  Init  also  in  many  other  fields  such  as 
biology,  genetics,  earth  .sciences,  and  mathematics.  The  influence  of  develop- 
ments in  p.sychology  was  felt  chiefly  in  the  application  of  psychometric  tests  to 
premedical  students.  Anthropology  made  important  advances  but,  with  the 
po.ssible  exception  of  anthropometry,  remained  largely  outside  the  pale  of  medical 
and  premedical  education. 

In  the  two  decades  which  we  are  now  examining,  American  secondary  educa- 
tion continued  to  cope  with  ever  increasing  numbers  of  students,  only  a  minority 
of  whom  would  go  on  to  collegiate  and  graduate  studies.  The  educational  labor 
was  hindered  by  the  Great  Depression  and  other  economic  difficulties,  and  was 
aided  by  generous  but  insufficient  governmental  subventions.  The  emphasis  of 
secondary  education  shifted  increasingly  from  precollegiate  to  "practical"  and 
vocational.  The  basic  direction  for  these  reorientations  came  from  John  Dewey, 
the  influential  advocate  of  a  pragmatic  and  instrumentalist  doctrine  applied  to 
education  in  the  alleged  interests  of  democracy.  Whether  or  not  Dewey  and  J.  H. 
Kilpatrick  are  to  be  held  respon.sible  for  a  dilution  of  educational  content  and  a 
deterioration  of  educational  standards  and  performance  is  not  relevant  to  this 
discussion.  The  present  writer  is  of  the  opinion  that  such  dilution  and  deteriora- 
tion did  occurf  and  that  the  estimation  of  the  resultant  damage  to  pre- 
medical and  medical  education  will  be  worthy  of  careful  study  by  historians.  At 
all  events  the  uncontested  reorientation  of  secondary  education  away  from  studies 
preparatory  to  college  would  have  damaged  precisely  the  group  whose  education 
forms  the  .subject  of  the  present  treatise. 

Number  of  Medical  Schools  and  Students 

For  the  year  1921  the  American  Medical  A.ssociation  listed  83  medical  colleges 
in  the  United  States,  of  which  74  were  classed  as  nonsectarian.  Corrected  statistics 
for  the  .same  year  showed  that  there  were  14,4()()  medical  students  of  all  types, 

*"The  spirit  of  the  Americans  is  averse  to  general  ideas;  it  does  not  seek  theoretical 
discoveries".  .Alexis  de  Tocqueville,  Democracy  in  America,  (18.35).  New  York,  Knopf, 
1945,  vol.  1,  p.  .315.  See  also  vol.  2,  pp.  41. 

t  For  various  opinions  see  (a)  Dewey,  J.:  Problems  of  Men.  New  York  Philosophical 
Library,  1946;  (b)  Bestor,  A.:  The  Restoration  of  Learning,  New  York,  Knopf,  1955,  pp. 
101;  (c)  Curti,  M.:  American  Paradox.  New  Brunswick,  Rutgers  Univ.  Press,  1956,  pp.  62. 
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of  whom  no  loss  than  !H).5  pvr  cent  wore  in  grade  A  schools,  and  3,186  graduates. 
The  number  of  enrolled  students,  havmg  reached  a  minimum  in  1919,  rose 
steadily  and  has  continued  to  the  rise  until  the  present.  The  total  number  of 
medical  schools  decreased  from  83  in  1921  to  76  in  1929  and  remained  virtually 
constant  until  1949,  when  a  gradual  increase  began.  After  1929  the  division  into 
classes  A,  B,  and  C  was  no  longer  necessary  and  was  abandoned. 

Almost  every  medical  school  in  the  United  States  was  now  part  of  a  university, 
but  groat  differences  prevailed  in  the  amount  of  administrative,  financial,  and 
intellectual  autonomy  which  these  medical  schools  retained.  The.se  variations  are 
in  part  attributable  to  differences  in  the  historical  origins  of  the  individual  medi- 
cal schools,  in  part  to  geographical  separation  of  some  schools  from  their  parent 
university,  and  in  part  to  financial  and  other  causes.  The  resultant  polychromatic 
picture  furnished  a  good  example  of  the  diversity  and  individualism  which  the 
most  perceptive  foreigners  have  recognized  in  so  many  departments  of  American 
life  and  which  the  le.ss  diligent  observers  have  sometimes  overlooked  entirely. 

Similar  variations  obtained  in  the  internal  administrative  structure  of  the  vari- 
ous medical  schools,  especially  in  the  power  of  the  dean  and  of  the  faculty  (33). 

By  1921,  every  medical  school  had  affiliation  with  a  hospital,  which  often  it 
either  owned  or  controlled.  These  affiliations  increased  in  value  as  hospitals  and 
the  schools  improved  in  physical  facilities,  administration,  and  technique.  The 
provision  of  adeciuate  and  adequately  diversified  clinical  material  for  educa- 
tional purposes  continued  to  be  a  problem  which  required  constant  thought 
and  planning. 

Requirements  for  Admission  to  Medical  Schools 

By  1921,  of  the  83  medical  schools  there  were  76  that  required  two  or  more 
years  of  college  as  prerequisite  for  admission.  Many  students  exceeded  the  official 
minima.  In  1938  the  American  Medical  Association  recommended  that  at  least 
three  years  of  college  work  be  required  of  all  candidates  for  admission.  It  would 
be  easy  to  assume  that  this  increase  in  premedical  schooling  necessarily  signified 
an  increased  educational  attainment.  But,  as  has  been  stated  earlier,  narrowness 
of  scope  imposed  upon  young  minds  limitations  which  in  most  cases  were  never 
transcended.  We  may  notice,  for  example,  that  in  1932  the  Council  on  Medical 
Education  and  Hospitals  discarded  the  former  retiuirement  of  a  modern  language. 
Since  generations  succeed  one  another  rapidly  in  the  academic  life  cycle,  it  was 
not  long  before  the  schools  were  filled  with  teachers  who  had  grown  up  without 
a  good  general  education  and  who  now  had  rostra  and  improved  laboratories 
from  which  they  could  disseminate  their  ow'n  narrow  ideas. 

In  1924  a  distinguished  educator  complained  that  the  whole  system  was 
pedagogically  unsound  (34).  Premedical  training,  as  then  given,  was  merely 
professional  training  extended  downward.  It  had  failed  to  produce  a  higher 
degree  of  general  education  or  mental  maturity  or  to  broaden  the  interests  of 
the  student,  nor  had  it  made  men  able  to  attack  the  first  year  medical  cour.se 
in  a  manner  satisfactory  to  medical  faculties.  Educators  had  let  premedical 
and  medical  education  be  taken  from  them. 
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Another  penetrating!;  critic  (35)  complained  that  the  i)liysician  reciuired,  and 
was  not  receiving,  broad  general  education,  which  should  include  the  study  of 
history,  sociology,  economics  and  philosophy.  "It  would  appear  to  be  a  fair 
assumption  from  the  results  of  our  present  policy  that  we  do  not  in  fact  believe 
I  hat  broad  educational  re(iuirements  are  important  in  the  training  of  a  physi- 
cian." 

In  addition  to  the  technical  prerequisites  which  the  medical  schoc^Is  exacted 
formally  in  terms  of  courses  and  credits  there  were  other  important  reciuiic- 
ments,  usually  not  overt,  with  respect  to  sex,  race,  and  religion. 

Since  the  beginning  of  the  present  century  women  usually  formed  between 
4.0  and  5.5  per  cent  of  the  student  body.  The  number  of  schools  which  refused 
all  female  applicants  dwindled  slowly.  One  school  accepted  women  only.  In 
1945  and  .subseciuent  yeiirs  a  wartime  shortage  of  male  applicants  caused  the 
restrictions  to  be  relaxed,  and  the  percentage  of  women  rose,  the  maximum  of 
!).5  per  cent  being  attained  in  1948.  Later  the  old  custom  returned  and  the 
percentage  declined  once  more.  The  high  cost  of  educating  each  student  made 
some  authorities  reluctant  to  invest  their  money  in  the  training  of  women  since 
marriage  and  childbirth  might  cause  them  to  abandon  medicine;  so  went  the 
common  official  reason  or  rationalization. 

The  plight  of  the  Negro  in  American  medicine  at  this  time  is  implied  in  the 
faithful  annual  tabulations  of  the  American  Medical  Association.  We  may  select 
as  an  example  the  single  academic  year  1935  to  193G.  Of  the  23,777  medical  stu- 
dents in  the  United  States,  361  or  1.5  per  cent  were  Negroes,  whereas  Negroes 
formed  about  ten  per  cent  of  the  American  population.  Of  the  361  Negroes,  183 
were  enrolled  at  Meharry  and  133  at  Howard.  The  remaining  45  students  were 
enrolled  in  20  schools.  Meharry  and  Howard  graduated  65  Negro  students,  all 
other  schools  graduated  eight. 

The  extent  and  complexity  of  the  problem  are  not  fully  exposed  in  these 
statistics.  Even  where  a  liberal  dean  and  faculty  might  be  disposed  to  admit 
Negroes  in  larger  numbers  there  would  still  remain  the  problem  of  finding  suf- 
ficient numbers  of  qualified  candidates  and  the  problem  of  bringing  Negro  medi- 
cal students  into  contact  with  w^hite  patients  and  nurses  who  might  be  prejudiced 
against  them.  Yet  the  principal  obstacle  was  neither  educational  nor  economic. 
The  obstacle  lay  in  the  American  dilemma  whereby  those  who  professed  an 
egalitarian  creed  were  still  unable  to  live  up  to  its  full  implications. 

Ecjually  disgraceful  to  America  was  the  discrimination  against  Jews  and 
Roman  Catholics.  The  national  conscience  being  somewhat  tender  on  this 
subject,  reliable  statistics  and  genuinely  unprejudiced  discussions  are  hard  to 
come  by.  One  may  search  through  volume  after  volume  of  official  publications 
and  surveys  by  medical  societies  and  universities  without  detecting  a  hint  that 
the  problem  even  exists.  In  the  scarcity  of  objective  data,  a  definitive  historical 
review  cannot  be  given  at  this  time,  especially  for  the  period  between  the  two 
world  wars.  The  reader  is  therefore  warned  that  the  following  presentation  is 
tentative.  Discrimination  against  Jews  and  Roman  Catholics  in  medical  educa- 
tion, although  differing  in  historical  origin,  presents  great  similarity  in  practice 
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ami  lu'iu'o  will  ho  considered  jointly  in  the  present  essay.  The  naivete  of  some 
comments  on  this  subject,  including  one  statement  that  will  be  ([uoted  later, 
oV)liges  us  to  recall  the  elementary  fact  that  not  all  discrimination  is  bad.  One 
must  discriminate  between  vice  and  virtue,  between  truth  and  falsehood,  and 
between  a  better  student  and  a  worse.  But  discrimination  based  on  race,  creed, 
or  color  violates  a  basic  tenet  of  American  belief. 

After  the  close  of  World  War  I  the  United  States  was  swept  by  an  anti-Red 
scare  and  by  nativistic  movements  such  as  Ku  Klux  Klan  which  had  for  their 
target  any  group  that  appeared  to  possess  distinctive  characteristics  and  that 
could  be  deemed  to  have  foreign  roots,  especially  if  these  were  recent.  These 
criteria  were  fulfilled  by  Jews  and  by  Roman  Catholics  of  Italian  and  Irish  back- 
ground. One  conspicuous  exponent  of  the  trend  was  Henry  Ford,  who  initiated 
his  racialist  publications  in  1920  (and  recanted  them  publicly  in  1927).  At  the 
other  extreme  of  the  intellectual  scale  was  President  Lowell  of  Harvard  Uni- 
versity, who  in  1922  "proposed  what  amounted  to  a  numerus  claimis  for  Jewish 
students  at  the  institution"  (36-38).  A  faculty  committee  rejected  this  suggestion 
and  voted  that  "in  the  administration  of  rules  for  admission  Harvard  College 
maintains  its  traditional  policy  of  freedom  from  discrimination  on  grounds  of 
race  or  religion". 

Although  the  amount  and  intensity  of  antisemitism  declined  during  the 
prosperity  of  1924  to  1928,  it  revived  with  the  advent  of  the  Depression.  A  dis- 
tinguished European  scholar  remarked,  "It  is  the  writer's  pre.sent  impression 
that  antisemitism,  as  he  observed  it  in  America  during  the  last  years  before 
World  War  II,  probably  was  somewhat  stronger  than  in  Germany  before  the 
Nazi  regime"  (39). 

It  must  be  admitted  that  the  evidence  of  discriminatory  admissions  practices 
by  medical  schools  during  the  period  1921  to  1941  is  not  of  the  precision  or 
concreteness  which  the  historian  recjuires.  Definite  evidence  and  especially 
statistical  evidence  did  not  become  available  until  more  recent  decades.  Yet 
the  indirect  e\-idence  was  of  sufficiently  compelling  character  to  convince  leading 
historians. 

First  there  w^as  the  simple  observation  that  most  medical  schools  and  hos- 
pitals had  a  pattern,  almost  constant  over  any  short  period  of  years,  of  admitting 
either  many  Jews  or  Catholics,  or  few,  or  none.  Constancy  implied  policy  and 
policy  proved  intent. 

More  definite  was  the  fact  that  many  if  not  most  schools  used  application 
l)lanks  which  demanded  information  al)Out  race  or  color  or  religion  or  parental 
origin  (40).  Such  data  would  identify  each  applicant  with  a  subgroup  of  the 
population.  Applicants  often  w^ere  obliged  to  submit  photographs. 

A  third  hint  is  deri\'ed  from  the  increased  u.se  of  geographical  criteria,  which 
could  be  employed  as  a  device  for  racial  and  religious  discrimination.  Some 
schools  were  supported  by  state  governments  and  were  required  by  statute  to 
admit  or  prefer  in-state  applicants.  Such  schools  could  and  sometimes  did 
wield  the  map  discriminatively  against  out-of-staters.  Among  other  schools 
there  grew  up  the  sincere  but  dubious  conviction  that  geographical  divei'sity 
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was  ail  asset,  i.e.  that  a  school  situated  in  Haralaria  should  admit  Mr.  A.  from 
I'ar-oft'  Idaho  in  preference  to  the  equally  or  better  (|ualified  Mr.  B.  I'roin  nearby 
Mast  Barataria.  Still  other  schools  simply  used  fj;eofi;raphical  criteria  a.s  a  sub- 
terfuge for  increasing  the  proportion  of  white  Protestants.  Thus  American  civil 
rights  were  impaled  against  a  curve  of  distribution. 

Analogous  in  method  and  illogic  was  the  practice  of  apportioning  applicants 
according  to  the  composition  of  the  population.  An  admissions  committee  might 
feel  sincerely  that  the  presence  of  80,000,000  Catholics  in  a  total  population  of 
1(10,000,000  would  determine  a  proportion  of  50  per  cent  Roman  Catholics  for 
the  entering  class  of  a  medical  school.  Yet  tin  anti-Catholic  dean,  discovering 
that  the  proportion  of  CathoHcs  in  the  state  was  only  15  per  cent,  might  select 
the  statistics  most  comforting  to  his  prejudices. 

Of  more  direct  evidential  value  were  occasional  published  statements  which 
involuntarily  or  implicitly  disclosed  the  existence  of  discrimination.  Thus  a 
responsible  and  revered  medical  educator  wrote: 

"There  should  be,  of  course,  no  blanket  discrimination  as  regards  sex,  creed, 
or  race;  on  the  other  hand,  it  is  equally  unfair  to  have  an  unbalanced  distribu- 
tion as  regards  these  categories,  for  this  involves  discrimination  also  in  that  it 
excludes  individuals  who  would  otherwise  be  acceptal)le.  It  is  safe  to  say  that 
a  proper  proportion  within  the  student  body  should  within  wide  limits  correlate 
with  that  of  the  country  as  a  whole.  The  policy  followed  by  the  school  in  the  past 
seems  a  sound  one."  (Italics  not  in  the  original  text)  (41). 

By  this  method  a  deserving  Persian  might  be  obliged  to  yield  to  a  less  quali- 
fied Mede  if  the  cjuota  of  Persians  were  filled,  although  our  American  traditi(?n 
specifically  bars  consideration  of  race,  creed  or  color. 

One  dean  of  a  well-known  medical  school  in  Xew  York  City  admitted  the 
existence  of  a  ((uota  for  Jewish  applicants  based  on  population  (42). 

While,  as  stated  previously,  almost  all  the  e\'idence  of  improper  discrimination 
from  1921  to  1941  is  of  indirect  type,  it  was  convincing  to  some  historians. 
Thus  Professor  O.  Handlin  of  Harvard,  a  leading  student  of  immigration,  has 
stated : 

"Although  the  professions  were  still  relatively  open  until  1914,  they  already 
showed  signs  of  the  influence  of  ethnic  preferences.  .  .  .An  ugly  complex  of  dis- 
criminatory practices  had  taken  form  by  the  mid-thirties;  it  limited  the  number 
of  Jews  admitted  to  professional  schools,  excluded  them  from  favored  positions, 
and  by  gentlemen's  agreements  barred  them  from  desirable  residential  ([uar- 
ters  "  (43). 

"The  most  serious  forms  of  exclusion  developed  in  the  medical  profession.  .  .  . 
Before  the  first  decade  of  the  century  was  over  the  restrictive  policies  had  spread 
to  medical  education  as  well.  The  number  of  medical  schools  and  the  numl)er  of 
graduates  fell  steadilv,  and  e\  ervwhere  the  first  to  be  excluded  were  the  Jews" 
(44). 

Statements  such  as  these  exemplify  the  candor  of  the  historian  and  contrast  it 
with  the  tactful  silence  of  medical  educators. 

In  1931  it  was  recognized  that  large  numl)ers  of  Americans  were  studying 
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medicine  abroad.  Statistics  believed  to  be  incomplete  showed  that  the  number 
amounted  to  921  in  1931  ami  increased  thereafter  to  an  estimate  exceeding 
2,000  in  193().  .Alter  this  the  number  decreased.  The  mo\  ement  virtually  ceased 
with  the  outbreak  of  war  in  I'AU-ope.  Many  of  these  students  had  failed  to  gain 
admittance  to  American  schools,  sometimes  because  of  poor  scholastic  standing 
but  often  because  of  racial  or  religious  prejudice.  The  low  cost  of  living  abroad 
may  have  pro\-ed  an  attraction.  These  Americans  often  gained  entry  to  extra- 
mural schools  in  the  British  Isles  or  to  schools  in  Switzerland,  Germany,  Italy, 
or  Austria.  The  majority  planned  to  enter  medical  practice  in  the  United  States 
but  many  failed  in  state  board  examinations.  The  American  [Medical  Association 
felt  that  the  United  States  already  had  the  highest  proportion  of  physicians  in 
the  world  and  probably  did  not  need  the  graduates  of  foreign  schools.  Yet  at 
the  same  time  there  were  many  unfilled  internships.  Official  statements  by 
organized  medicine  concerning  Americans  studying  abroad  disclose  no  tincture 
of  sympathy  for  these  men,  whose  only  offense  was  their  desire  to  become 
physicians. 

Curricula  of  Medical  Schools 

In  1923  the  Curriculum  Committee  of  the  Association  of  American  Medical 
Colleges  laid  down  maximum  and  minimum  standards  describing  the  amounts 
of  time  which  should  be  devoted  to  various  subjects.  Thus  for  anatomy  the 
figures  were  560  hours  and  740  hours  respectively.  A  .survey  conducted  during 
1924  and  1925  showed  that  17  schools  corresponded  w^ith  the  suggested  .standard 
for  anatomy,  while  43  were  above  and  only  six  were  below.  The  greatest  defi- 
ciency with  respect  to  the  standard  was  found  in  hygiene  and  sanitation  (45). 

To  judge  by  the  number  of  complaints  in  the  literature,  problems  of  curriculum 
were  more  important  to  the  medical  educator  than  the  more  general  considerations 
of  the  type  discussed  in  a  previous  paragraph.  It  was  asserted  that  the  curriculum 
was  overcrowded,  that  lecturing  was  still  too  frequent,  that  anatomy  still  took  up 
too  much  time  and  demanded  too  much  memorization  of  detail,  that  preclinical 
teaching  was  poorly  correlated  with  clinical,  and  that  various  .specialties  re- 
ceived excessive  emphasis.  Weaknesses  were  especially  obvious  in  the  teaching 
of  therapeutics,  psychiatry,  hygiene,  and  obstetrics.  Medical  history,  medical 
jurisprudence,  medical  economics,  and  physiotherapy  were  omitted  entirely  from 
many  curricula. 

The  criticisms  were  numerous  and  proved  .salutary.  [More  up-to-date  curricula 
began  to  appear.  In  a  few  schools  the  program  of  required  studies  was  curtailed 
to  allow  room  for  electives,  for  research,  or  simply  for  unencumbered  review  and 
reflection.  Comprehensive  examinations,  a  stimulant  to  correlation,  were  used 
either  at  the  midpoint  of  the  entire  course  or  at  its  end.  Elementary  clinical 
teaching  was  introduced  into  the  prechnical  course.  The  first  modern  preceptor- 
ships  made  their  appearance.  In  a  significant  number  of  schools  the  clinical 
facilities  were  inadequate  and  efforts  were  made  to  expand  them.  Some  schools, 
better  favored  with  instructors  and  patients,  undertook  bedside  instruction  in 
small  groups.  A  few  schools,  notably  Duke,  permitted  the  student  to  take  part 
of  his  clinical  study  at  other  institutions  in  America  or  abroad. 
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The  result  of  these  and  other  changes  was  a  degree  of  diversifi(^ation  which 
was  to  increase  during  the  postwar  period  and  which  ah-eady  provided  an  answer 
to  those  who  feared  that  the  establishment  of  educational  standards  would 
result  in  undesirable  uniformity. 

Graduate  and  Postgraduate  Medical  Education 

In  this  sphere  American  medicine  underwent  a  series  of  developments  which 
closely  resembled  those  that  had  taken  place  earlier  in  undergraduate  medical 
education.  The  pattern  consisted  of  (a)  the  recognition  of  a  need  (b)  the  execu- 
tion of  surveys  and  their  publication  (c)  the  establishment  of  standards  (d) 
progressive  technical  improvement. 

The  earliest  surveys  of  postgraduate  medical  schools  were  conducted  by  actual 
tours  of  visit  in  1916  and  1919.  In  1922-3  a  third  tour  was  made,  a  list  of  ap- 
proved schools,  fifteen  in  number,  was  prepared,  and  a  body  of  essential  criteria 
was  formulated.  A  list  of  approved  postgraduate  courses  in  medical  schools  was 
also  compiled,  as  well  as  a  list  of  hospitals  having  approved  residencies  in  spe- 
cialties. Only  general  hospitals  received  approval  for  internships.  In  February 
1925  the  American  Medical  Association  began  to  require  inspection  of  hospitals 
as  a  preliminary  to  approval.  In  1928  criteria  for  approval  of  residencies  and 
fellowships  were  set  up.  Other  developments  in  postgraduate  education  can  only 
be  given  brief  mention.  By  1939  the  J.A.M.A.  was  able  to  list  no  fewer  than 
109  opportunities  for  practicing  physicians  to  engage  in  continuation  study  in 
43  states  and  the  District  of  Columbia.  Of  these,  50  courses  were  itinerant.  The 
offerings  were  extensive  but  were  far  from  exhausting  the  abilities  or  the  needs 
of  the  profession. 

The  internship  was  growing  in  importance  and  indeed  was  made  a  requisite 
for  graduation  by  a  few  medical  schools;  the  latter  trend  however  was  waning  in 
the  1930's  and  was  to  become  extinct  later.  It  soon  became  evident  that  many 
hospitals  and  hospital  services,  especially  those  which  were  not  closely  affiliated 
with  medical  schools,  would  have  to  reorganize  in  the  interests  of  medical  educa- 
tion. After  the  middle  1920's  the  number  of  internships  exceeded  the  number 
of  new  graduates;  thus  in  1931  there  were  6154  internships  and  4735  graduates. 
To  some  extent  this  gap  was  filled  by  increasing  the  length  of  the  internship. 
Some  hospitals  did  not  scruple  to  exploit  their  interns  for  technical  and  clerical 
labor.  In  a  survey  conducted  by  the  Commission  on  Graduate  Education  under 
a  resolution  of  the  Advisory  Board  for  Medical  Specialties  (46)  it  was  recom- 
mended that  hospitals  which  could  not  develop  programs  of  true  educational 
content  "might  properly  appoint  as  salaried  house  officers  men  who  have  com- 
pleted an  internship.  These  men  should  receive  an  income  commensurate  with 
the  value  of  their  service." 

The  1920's  and  subsequent  decades  saw  important  developments  in  specializa- 
tion. The  earliest  specialty  board,  that  in  ophthalmology,  had  been  established 
in  1916.  Otolaryngology  followed  in  1924.  In  1934  the  House  of  Delegates  of 
the  American  Medical  Association  approved  a  body  of  criteria  "Essentials  for 
Examining  Boards  in  Specialties".  At  about  the  same  time  (1933-4)  the  Advisory 
Board  for  Medical  Specialties  was  created.  By  1940  fifteen  boards  had  been 
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(>st;il)lish(Hl.  These  hoai'ds  surxeyed  tlie  qualilications  of  the  appUcant  carefully 
and  etticieutly.  They  usually  ga\-e  both  written  and  practical  examinations  and 
judged  the  applicant  far  more  carefully  than  state  examiners  ordinarily  could. 
The  only  objection  which  can  be  charged  against  them  is  that  specialists  in 
order  to  gain  approval  were  usually  retiuirefl  to  abjvu-e  practice  outside  the 
specialty.  This  regulation  would  tend  to  inculcate  an  undesirable  narrowness 
of  outlook.  In  practice  it  was  not  infrequently  disregarded  by  the  diplomate. 

Fitiunces  of  Medical  Education 

Despite  the  vicissitudes  of  American  economic  fortunes,  the  medical  schools 
continued  their  work  of  instruction,  research,  and  improvement.  Some  schools 
were  poor  e\-en  when  the  nation  was  rich;  all  felt  the  cold  winds  of  the  Great 
Depression. 

There  was  much  construction  and  reconstruction  of  school  buildings  and 
hospitals  but  the  problem  of  overcrowding  was  not  solved  and  faculty  salaries 
were  usually  inadecjuate.  Endowments  increased.  Student  fees  rose  from  about 
$200  in  1921  to  $386  in  1941  but  continued  to  supply  only  a  fraction  of  the 
cost  of  schooling;  in  the  best  schools  about  25  per  cent  of  the  cost  was  paid  by 
students.  Were  it  not  for  the  presence  of  large  numbers  of  unremunerated  volun- 
teer teachers,  the  financial  problems  would  have  been  immeasurably  greater 
and  many  schools  would  have  been  forced  to  close.  The  problem  tended  to  become 
worse  with  the  spread  of  the  full-time  system.  In  a  few  instances  the  foolish 
((uestion  was  raised  whether  an  expensive  and  heavily  endowed  institution  like  a 
medical  school  was  justified  in  limiting  its  instruction  to  a  comparatively  small 
number  of  students. 

As  might  be  expected,  the  economic  depression  of  the  1930's  caused  severe 
damage  to  the  medical  schools.  Gifts  diminished,  income  from  investments  de- 
creased, plans  for  reconstruction  or  expansion  were  suspended,  salaries  were 
reduced,  and  some  faculty  appointments  were  terminated.  Some  schools  were 
inclined  to  increase  their  enrollment  in  order  to  increase  the  income  from  student 
fees;  usually  there  was  no  concomitant  increase  in  plant  or  staff.  Several  state 
govermnents  began  to  wonder  why  professional  education  should  be  supported 
by  the  public  treasury.  The  total  result  of  the  Depression  was  a  deterioration 
in  medical  education.  To  this  we  must  add  the  fact  that  many  men  were  obUged 
to  abandon  hopes  of  advanced  training  and  continue  as  general  practitioners  (47). 

In  view  of  these  and  other  circumstances  the  American  Medical  Association 
in  1933  decided  to  undertake  a  new  survey  of  medical  education,  with  the  co- 
operation of  the  Association  of  American  Medical  Colleges  and  the  Federation 
of  State  Medical  Boards.  During  a  period  of  two  academic  years  all  approved 
schools  were  visited  (48).  Several  .schools  were  found  to  have  lapsed  from  their 
previous  status  and  were  warned,  others  were  disapproved;  .some  of  the  details 
are  considered  in  a  later  paragraph.  Follow-up  studies  later  revealed  a  notable 
improvement.  For  example  in  the  matter  of  finance  alone,  by  1939  twenty  eight 
medical  schools  were  able  to  report  a  total  budgetary  increa.se  of  $1,132,599.  At 
the  time  this  looked  like  a  big  improvement.  Yet  the  finances  of  many  medical 
schools,  like  the  heroine  of  a  melodrama,  were  constantly  in  danger  of  ruin. 
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Special  I'rohh  ins  in  Mcdicdl  KdiicdhUn 

\)\mi\'^  1921  to  l!)it  Aiu(M'ic;in  incdiciiic  \v;is  tlic  suhjccl  of  repeated  survey, 
resiir\-ey,  criticism,  and,  except  duriiifj;  llie  depression,  iinprovenieni .  In  addition 
to  the  so-called  Weiskotteii  survey  (48),  there  were  the  i-ep(jrt  of  the  C-omniissioii 
on  Medical  Education  (49),  the  report  of  the  Commission  on  (Iraduate  Medical 
I'Alucation  (50),  a  series  of  valuable  special  studies  by  the  Rockefeller  I*'ounda- 
tiou  (51),  and  the  annual  reports,  really  a  continuous  survey,  by  the  Anieri(;an 
Medical  Association.  These  were  supplemented  by  innumerable  discussions  in 
the  Journal  of  Medical  Education  and  other  periodicals.  We  must  now  consider 
a  few  of  the  salient  problems. 

Many  of  the  complaints  centered  about  teaching.  While  the  fundamental  basis 
of  instruction  had  improved  through  the  replacement  of  lecturing  by  laboratory 
practice  and  bedside  instruction,  especially  clinical  clerkship,  there  was  a  dearth 
of  skilled  teachers  and  a  virtual  absence  of  men  formally  trained  in  pedagogy. 
Few  of  the  critics  speculated  about  the  cause  of  this  condition.  Prol)ably  one 
cause  was  the  isolation  of  medical  students  (who  later  became  teachers)  from 
the  liberal  arts  and  from  any  discipline  which  would  train  the  powers  of  self- 
expression  and  communication.  Medical  teaching  was  divorcefl  from  pedagogy. 
Second,  and  closer  to  home,  was  the  fact  that  academic  ad\  anceinent  in  medicine 
was  achieved  through  research  and  publication,  not  through  teaching.  Worse  yet, 
a  devotion  to  teaching  and  to  students  tended  to  use  up  time  which  an  ambitious 
instructor  might  more  profitably  devote  to  his  experiments.  Consequently 
teaching  was  a  positive  detriment  to  the  interests  of  the  academician  and  he 
sometimes  cai-ried  it  out  grudgingly.  Moreover  the  belief  became  current  that 
the  best  research  worker  is  the  best  teacher,  although  daily  experience  showed 
that  this  was  far  from  the  truth.  For  these  reasons  medical  pedagogy  failed  to 
mature  ec^ually  with  other  branches  of  medicine.  As  one  observer  noted,  "prac- 
tically none  of  the  students  in  the  medical  colleges  have  any  notion  whatever, 
while  students,  of  becoming  instructors  in  medicine"  (52). 

In  one  detail,  howe\'er,  medical  teaching  kept  abreast  of  contemporary  prog- 
ress. This  was  in  the  use  of  aptitude  tests  for  premedical  students.  Preliminary 
trials  were  made  at  George  Washington  Medical  School  in  1927-8  (53),  and 
gained  currency  through  the  work  of  F.  A.  Moss.  In  1931  the  Association  of 
American  Medical  Colleges  recommended  their  use.  In  1933  the  tests  were 
given  to  9398  students  in  546  colleges  (54).  In  the  middle  1920's  objective  and 
"yes-uo"  examinations  began  to  be  used  in  medical  schools.  These  technitiues 
satisfi<>d  a  desire  for  objectivity  and  comparability  in  the  judgment  of  students. 

The  full-time  plan  continued  to  be  discussed  vigorously.  The  system  spread, 
despite  delays  caused  by  the  ecf)nomic  depression.  Because  the  plan  was  costly, 
and  for  other  reasons,  modifications  arose,  especially  the  less  restrictive  "geo- 
graphical full-time",  whereby  a  professor  was  allowed  a  limited  amount  of 
practice,  and  might,  according  to  different  systems,  return  the  fees  to  the  school 
oi-  accept  them  to  supplement  an  iiiad(>fiuate  salary.  Some  observers  gave  the 
full-time  system  the  main  share  of  credit  for  the  progress  which  had  been  made 
in  medical  education  and  reseai'ch.  ()tli(>rs  felt  that  full-time  narrowed,  isolated, 
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aiul  (Iclmnianizcd  the  clinician  and  favored  the  transmission  of  impractical 
instruction  to  the  student.  The  lai-ge  numljer  of  part-time  teachers,  many  of 
them  vohniteei's,  provided  a  saving  grace,  both  financial  and  pedagogic.  Full- 
time schemes  tended  to  spread  to  independent  hospitals  as  these  acquired  affilia- 
tion with  medical  schools. 

Research 

During  the  period  1921  to  1941  research  in  medicine  was  supported  chiefly  by 
foundations  and  large  private  donors  (22).  Governmental  contributions  were 
important  chiefly  in  state  universities.  Since  most  medical  research  was  carried 
on  in  universities  and  since  research  is  held  to  be  of  great  pedagogic  importance, 
the  subject  is  relevant  here.  Between  1902  and  1934  nine  foundations  granted 
$154,000,000  to  universities  for  medical  w^ork,  or  almost  half  of  the  8340,000,000 
which  these  foundations  spent  for  all  purposes.  Some  universities  had  their  own 
research  funds,  supported  from  the  general  university  treasury  or  by  specially 
earmarked  donations.  The  total  sum  spent  for  medical  research  was  only  a  small 
fraction  of  that  spent  diu'ing  the  same  period  for  industrial  research. 

An  interesting  picture  of  the  condition  of  research  by  medical  schools  in  vari- 
ous subjects  can  be  found  in  the  diflerent  chapters  of  the  Weiskotten  report 
(48).  In  anatomy  nearly  30  of  the  medical  school  departments  showed  no  evidence 
of  active  research.  This  was  especially  serious  because  anatomy  departments 
usually  form  the  student's  main  initial  impression  of  medical  studies.  Biochem- 
istry departments  proved  to  be  the  most  active  and  productive  of  all  preclinical 
departments  in  the  matter  of  research.  In  the  other  preclinical  departments 
research  was  active  in  almost  all  the  best  schools  and  dormant  or  dead  in  the 
worst.  A  similar  situation  prevailed  in  the  clinical  branches,  especially  medicine, 
surgery,  and  pediatrics.  The  clinical  specialties  mostly  made  an  undistinguished 
showing.  Such  was  the  situation  from  1934  to  1939. 

MEDICAL  EDUCATION  1942  TO  1956 

At  the  end  of  1941  Americans  found  themselves  suddenly  thrust  into  war. 
Although  events  in  Europe  and  Asia  had  long  foreboded  our  entry,  the  imme- 
diate precipitating  cause  was  sudden.  The  conflict  at  its  full  development  caused 
the  formation  of  military  forces  greater  and  more  terrible  than  any  the  world 
had  ever  seen.  Large  groups  of  men  were  exposed  to  every  conceivable  climate 
and  to  the  full  diapa.son  of  tropical  and  arctic  disease.  New  inventions  brought 
new  traumata  and  new  traumatology.  The  climax  was  the  atomic  bomb.  After 
these  events  the  l)itter  sufferings  of  the  Korean  War  could  rank  only  as  a  minor 
epilogue. 

At  the  conclusion  of  these  hostilities  the  United  States  and  the  USSR  emerged 
as  the  only  first  class  powers  in  the  world.  This  fulfilled  the  prediction  made  by 
de  Tocqueville  more  than  a  century  before.  One  residual  of  w^ar  was  peacetime 
military  consciipti(jn.  This  new  feature  of  American  life  added  new  complexities 
and  hazards  to  plans  for  medical  education. 

Despite  the  formation  of  the  United  Nations  and  despite  new  and  wide  foreign 
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coinniitinnits,  the  AnR'iicjin  people  did  not  icadily  i'('liiH|uisli  traditional  atti- 
tudes of  isolationism  and  remained  constantly  suspicious  of  forcif^n  cntanf^ic- 
ments;  thus  the  adult  nation  retained  its  childhood  fears. 

In  the  realm  of  national  affairs  the  chief  trend  was  an  increase  in  the  power 
and  per\-asiveness  of  the  federal  government,  which  now  concerned  itself  to  an 
unprecedented  degree  with  the  personal  affairs  of  the  citizen,  especially  his 
health  and  welfare.  As  a  corollary,  the  government  manifested  a  growing  interest 
in  medical  research  and  a  growing  inclination  to  support  it  financially. 

The  close  of  World  War  II  was  followed  by  a  huge  expansion  of  industry.  This 
continued,  despite  one  minor  recession,  into  the  boom  and  inflation  of  the  middle 
1950's.  The  industrial  development  was  based  on  an  improved  technology  that 
included  electronics  and  automation  and  would  soon  compass  atomic  energy. 
Industry  not  only  grew  larger  and  wealthier;  it  increased  in  centralization,  in 
power,  and  in  its  influence  on  the  daily  lives  of  the  people.  The  .salaries  paid  were 
large  enough  to  attract  the  hou.sewife  away  from  the  kitchen  and  the  nurse  from 
the  hospital  ward.  Indeed  industry  was  able  to  seduce  into  engineering  and 
electronics  appreciable  numbers  of  men  who  might  otherwise  have  gone  into 
medicine.  While  large  corporations  expanded,  the  small  businessman,  especially 
the  independent  grocer  and  butcher,  was  tending  to  disappear,  i.e.  to  become  an 
employee.  Indeed,  a  British  historian  of  America  referred  to  the  small  business- 
man as  an  anachronism  (55).  Some  feared  that  an  analogous  fate  might  be  in 
store  for  the  individual  practitioner  of  medicine. 

Advertising,  supertypically  American  in  its  boldne.ss,  energy,  and  perhaps 
mendacity,  expanded  to  new  dimensions.  The  drug  industry  had  long  been  a 
favorite  of  the  advertiser,  and  advertising  costs  were  higher  in  that  field  than 
in  any  other.  The  techniciues  of  advertising  could  not  fail  to  extend  to  the  realm 
of  medical  care  and  medical  practice.  At  least  one  health  insurance  plan  adver- 
tised conspicuously  in  newspapers  and  the  American  Medical  Association  em- 
ployed skilled  public  relations  consultants.  The  net  result  of  such  occurrences 
was  an  increase  in  the  layman's  awareness  of  his  health  and  of  his  health  prob- 
lems. 

The  era  witnessed  also  a  rise  in  the  standard  of  living,  despite  the  decline  in 
the  value  of  the  dollar,  as  well  as  a  decrease  in  the  length  of  the  work  week,  with 
all  that  this  implied  in  the  increase  of  vacations,  travel,  sport,  and  trauma. 

Steadily  rising  income  taxes  and  corporation  taxes  continued  to  provide 
exemption  for  funds  contributed  to  educational  and  charitable  institutions. 
Such  institutions  thus  received  what  was  in  effect  an  indirect  government 
subsidy. 

Many  interesting  developments  occurred  in  the  social  scene.  The  population 
increased  steadily,  the  graph  of  its  augmentation  resembling  a  hyperbola.  Al- 
though the  birth  rate,  reckoned  in  births  per  thousand  of  population,  became 
stabilized  in  the  1950's  at  about  the  rate  observed  in  1925,  the  ab.solute  number 
of  births  rose  steadily  (56).  Longevity,  life  expectancy,  and  the  mean  age  of  the 
population  likewise  increa.sed,  and  geriatrics  assumed  growing  importance.  As 
the  standard  of  living  rose,  the  public  demanded  the  higher  levels  of  nutrition, 
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sanitation,  and  conit'ort  which  alert  inchistry  was  only  too  wilhng  to  produce. 
Labor  attained  new  poHtical  and  financial  power  and  was  groping  toward  ma- 
turity; the  labor  mo\-ement  became  interested  in  health  insurance  and  in  indus- 
trial medicine.  The  public  lost  the  old  habit  of  frugality.  Instead  of  sa\-ing  and 
l)udgeting  for  the  expenses  of  illness  or  the  luxuries  of  his  daily  life,  the  citizen 
now  bought  life  insurance  and  health  insurance  and  obtained  refrigerators  and 
television  eriuipment  on  the  installment  plan.  There  was  a  rapid  spread  of  health 
insurance  schemes  and  of  new  or  allegedly  new  systems  such  as  group  practice. 

Simultaneous  with  an  overpowering  increase  in  the  demand  for  education 
there  was  much  dispute  as  to  the  quality  of  instruction.  While  some  spoke  bit- 
terly of  "educational  wastelands"  and  denounced  the  teachers'  colleges,  others 
championed  the  concepts  of  "life  adjustment  education"  and  advocated  the 
so-called  progressive  systems.  The  latter  appeared  to  be  moderating  their  worst 
eccentricities.  Education  was  cursed  with  narrow  vocationalism. 

In  higher  levels  of  the  educational  world  the  protagonists  of  humanism  showed 
new  vigor  with  which  to  combat  the  predominantly  anti-intellectual  tendency 
of  the  era.  The  famous  Harvard  Report,  "General  Education  in  a  Free  Society" 
(57),  analyzed  the  situation  as  follows:  "The  problem  is  how  to  save  general 
education  and  its  values  within  a  system  where  specialism  is  necessary.  .  .  . 
Our  conclusion,  then,  is  that  the  aim  of  education  should  be  to  prepare  an  indi- 
vidual to  become  an  expert  both  in  some  particular  vocation  and  art  and  in  the 
general  art  of  the  free  man  and  the  citizen.  .  .  .  The  body  of  science  includes 
not  only  special  knowledge  and  skills  but  conceptual  interrelations,  a  world- 
view,  and  a  view  of  the  nature  of  man  and  knowledge.  .  .  .  These  aspects  of 
the  sciences  are  frequently  almost  entirely  neglected  in  the  college  teaching  of 
science.  ..." 

To  this  statement  and  others  there  was  added  the  authority  of  Flexner,  who 
complained  that  the  humanities  were  neglected  and  urged  that  their  study  be 
endowed  by  foundations  (58). 

Humanistic  influences  were  reaching  out  toward  professional  fields.  In  1956, 
after  a  three  year  survey,  the  American  Society  for  Engineering  Education  re- 
affirmed the  importance  of  studies  in  the  humanities  and  social  sciences  in  the 
training  of  professional  engineers.  A  majority  of  engineering  schools  were  found 
to  be  below  a  desirable  standard  in  this  respect  (59,  60).  An  analogous  conclusion 
concerning  prelegal  education  was  expressed  by  leaders  of  the  bar  (61). 

The  world  of  the  natural  sciences  continued  to  produce  endless  wonders,  such 
as  atomic  energy,  electronics,  television,  plastics,  artificial  genetic  mutations, 
and  radiocarbon  dating,  and  amateur  philosophers  speculated  incessantly  on  the 
absence  of  comparable  improvement  in  man's  behavior.  In  the  eminently  prac- 
tical atmosphere  of  American  life,  the  theoretic  advances  were  often  rapidly 
transformed  into  useful  innovations  in  transportation,  communication,  agricul- 
ture, and  nutrition.  These  developments  not  only  enriched  the  great  corporations 
but  further  convinced  them  that  research  was  a  necessity.  This  conviction  they 
carried  with  them  into  their  attitudes  toward  research  in  medicine. 
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Medical  Kdiicdlion  Diiriiuj  World  War  II 

Ix'toic  tli(>  I'liitctl  States  hccanic  dii'cctly  iiivohcd  in  World  War  II, 
ultimate  participation  was  obvious  to  many.  When  outlying  bases  were  obtained 
in  exchange  for  destroyers,  American  medical  officers  were  (charged  with  the 
rapid  preparation  of  sanitary  surveys  and  the  establishment  of  hygienic  facilities. 
The  American  Medical  Association  in  Jiuie  1940  established  a  Committee  on 
Medical  Preparedness  (62)  and  high  officials  of  the  armed  forces  took  preliminary 
steps  to  arrange  cooperation  with  the  civilian  medical  profession  (63). 

As  early  as  1941,  in  the  spring  which  preceded  the  attack  on  Pearl  HarV)oi-,  44 
medical  schools  increased  their  entering  classes  by  329  students.  During  the  war 
many  schools  lowered  by  a  year  or  more  the  college  training  required  for  admis- 
sion. The  accelerated  curriculum,  by  which  an  extra  7214  graduates  were  run 
through  the  pedagogic  mill  from  1942  to  '47  is  described  l)elow  (see  Curriculum). 

The  constant  changes  in  the  military  situation  and  in  governmental  policy 
produced  constant  turmoil  among  medical  educators  and  students.  This  is  suffi- 
ciently illustrated  by  the  occurrences  of  1944  (64).  In  January  of  that  yeai'  an 
arrangement  was  in  effect  whereby  55  per  cent  of  the  places  in  each  entering 
class  were  allocated  for  the  training  of  enlisted  men  under  the  Army  Specialized 
Training  Program  (A.S.T.P.),  an  additional  25  per  cent  being  assigned  to  the 
Navy  under  the  V-12  program,  and  the  remaining  20  per  cent  for  civilians.  In 
February  1944  the  Army  curtailed  the  A.S.T.P.,  then  renegotiated  its  contracts 
with  medical  schools  to  provide  28  per  cent  instead  of  55  per  cent  of  the  1945 
entering  classes.  This  sudden  change  increased  to  47  per  cent  the  proportion  of 
new  students  which  medical  schools  must  obtain  from  civilian  sources.  In  April 
1944  the  Selective  Service  System  abolished  further  occupational  deferments  of 
premedical  and  medical  students  not  enrolled  in  medical  schools  by  July  1,  1944. 
To  meet  this  deadline,  the  J. A.M. A.  reported,  fifty  six  schools  admitted  1,(»75 
civilian  students  to  the  freshman  class  earlier  than  the  normal  admission  date. 
To  complicate  matters  still  further,  Congress  in  June  1944  passed  an  appropria- 
tion l)ill  which  made  it  impossible  to  assign  new  students  to  the  A.S.T.P.  program. 
Consequently  the  schools  were  now  faced  with  the  problem  of  finding  75  per 
cent  of  their  1946  freshmen  from  the  civilian  population. 

The  war  caused  a  decline  in  the  quality  of  undergraduate  and  graduate  medical 
instruction,  vacancies  in  teaching  staffs,  a  transient  reduction,  followed  by  a 
great  increa.se,  in  board  candidates,  and  a  spurt  of  activity  in  such  fields  as  tropical 
medicine,  traumatology,  public  health,  and  psychiatry.  Some  of  these  aspects 
are  discussed  in  subseciuent  sections  of  this  history. 

Number  of  Medical  Schools  and  Students 

For  the  academic  yeai-  1941-42  the  Journal  of  the  American  Medical  Associa- 
tion listed  77  approved  schools  (including  ten  two-year  schools  of  the  basic 
medical  sciences).*  Enrolled  in  these  were  22,031  students,  of  whom  5.3  percent 

*  One  school  (Ru.sh),  which  ottered  clinical  courses  only,  torniinated  uiulprKraduate 
study  with  the  cla.ss  of  1942. 
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were  women.  There  were  5103  graduates.  The  number  of  schools  remained 
nearly  constant  until  the  early  1950's,  when  a  few  new  schools  began  to  appear 
and  schools  of  the  basic  medical  sciences  showed  a  tendency  to  convert  into 
four-year  schools.  The  number  of  students  rose  sharply  thereafter.  The  effects 
of  the  Avar  on  medical  education  have  been  treated  collectively  in  the  preceding 
section.  After  1949  there  was  a  rapid  increa.se  in  enrollment,  which  will  probably 
continue,  but  with  decrea.sing  acceleration.  For  the  year  1955-50  the  J.A.M.A. 
reported  82  schools,  28,039  students,  and  0,845  graduates.  The  inclusion  of  one 
school  which  was  de\Tloping  a  new  program  that  had  not  yet  been  approved 
would  gi\'e  a  corrected  total  of  83  schools,  28,748  students,  and  0,845  graduates. 

Except  during  the  wartime  shortage,  there  was  frequent  debate  as  to  the 
number  of  physicians  actually  needed.  On  the  one  hand  it  was  obvious  that  the 
improvement  in  transportation  and  communications  had  lengthened  the  arm  of 
the  practitioner,  just  as  the  invention  of  more  effective  drugs  had  increased  his 
power.  Such  arguments  were  especially  welcome  to  those  who  feared  that  any 
marked  increase  in  the  number  of  medical  students  might  lower  those  standards 
of  medical  education  which  the  profession  had  so  long  struggled  to  uphold  and 
advance.  On  the  other  hand  it  was  equally  evident  that  increased  longevity  was 
tilling  the  country  with  aged  persons,  many  of  whom  were  chronically  ill.  To  this 
must  be  added  the  facts  that  (a)  the  demand  for  medical  care  was  increasing  as 
popular  knowledge  of  medicine  became  disseminated  and  as  various  health 
insurance  schemes  gained  popularity  (b)  the  demand  for  specialists  was  in- 
creasing (c)  there  was  an  increasing  demand  for  highly  trained  research  workers 
(d)  medical  faculties  were  assuming  larger  and  larger  responsibilities  for  the 
instruction  of  students  in  fields  allied  to  medicine,  such  as  nursing,  dentistry, 
public  health,  social  welfare  (e)  the  government  services  were  drawing  heavily  on 
medical  manpower  (f)  the  shortage  of  interns  and  residents  was  great,  and  could 
not  be  filled  even  by  the  admission  of  foreign  physicians,  sometimes  inadeciuately 
trained  (g)  there  was  no  conclusive  evidence  of  destitution  among  physicians  in 
the  prime  of  life.  The  rise  in  the  number  of  schools  and  students  appeared  to 
be  a  response  to  these  pressures. 

By  the  late  1930's  the  university  pattern  of  medical  school  affiliation  was 
almost  universal  in  the  United  States  but  the  actual  depth  of  penetration  of  the 
university  into  the  medical  .school  varied  widely.  Although  the  steady  advance 
of  the  natural  sciences  into  the  domain  of  medicine  made  for  a  closer  integration 
of  the  medical  school  into  the  university,  most  medical  .schools  preserved  a  large 
measure  of  autonomy  in  administration,  finance,  and  attitude.  Hospital  affilia- 
tion, now  no  longer  a  novelty,  was  not  yet  fully  developed.  As  late  as  1953, 
Deitrick  and  Berson  (05)  reported  that  medical  schools  controlled  the  pro- 
fessional staff'  appointments  in  less  than  half  of  their  teaching  hospitals,  and 
that  approximately  half  of  the  schools  studied  had  inadeciuate  control  of  other 
factors  in  their  teaching  hospitals. 

The  late  1920's  and  1930's  had  witnessed  the  construction  of  huge  medical 
centers,  which  were  arranged  around  a  medical  school  and  hospital,  but  which 
also  included  schools  of  public  health,  denti.stry,  and  nursing,  clinics,  health 
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centors,  community  welfare  establishments,  and  research  institutes.  These  vast 
colossi  were  the  architectural  expression  of  the  greatly  increased  role  which  the 
medical  school  and  the  hospital  were  now  expected  to  fill  in  American  life.  To 
the  medical  school  these  new  dev^elopments  represented  a  great  deal  more  than 
mere  proximity.  Medical  faculties,  especially  in  the  preclinical  departments, 
were  now  expected  to  provide  instruction  for  large  numbers  of  persons  who 
were  being  trained  for  careers  in  paramedical  fields.  It  was  not  unusual  for 
medical  students  to  constitute  as  little  as  one  fourth  of  the  number  of  students 
on  the  premises.  Often  there  was  no  proportionate  increase  in  the  size  of  the 
teaching  faculties.  Moreover  the  superadded  burdens  consisted  not  only  of 
instruction  but  included  a  very  large  amount  of  medical  service  rendered  on 
wards,  in  clinics,  in  health  districts  and  even  in  homes.  All  of  these  complex 
enterprises  must  come  under  the  cognizance  of  the  overworked  administrative 
staff,  and  the  accountants  must  watch  the  pennies.  Thus  the  medical  schools 
and  the  hospitals,  like  almost  everything  else  on  the  American  scene,  must  ex- 
pand or  perish. 

In  the  1950's  medical  educators  noted  with  alarm  a  continuous  decline  in  the 
number  of  applicants  to  the  medical  schools.  Whereas  in  1949-50  there  were 
3.47  applicants  for  each  opening,  by  1955  the  proportion  had  fallen  to  about  2.2. 
In  1956  this  trend  appeared  to  have  halted.  No  fewer  than  1386  Americans  were 
studying  medicine  abroad  in  1955;  doubtle.ss  the  majority  of  the.se  were  men 
who  had  failed  of  admission  to  American  schools.  Foreign  schools,  fearful  that 
the  inundation  of  the  1930's  would  be  repeated,  applied  restrictions.  At  the  same 
time  there  was  a  distinct  decline  in  the  qualitj^  of  those  students  whom  the 
American  schools  admitted.  Thus  in  1950-51,  40  per  cent  of  the  students  ad- 
mitted were  A  students;  by  1955-56,  according  to  the  J. A.M. A.,  the  proportion 
had  fallen  to  15.8  per  cent.  These  statistics  are  confirmed  by  numerous  casual 
observations.  Doubtless  large  numbers  of  the  best  students  were  attracted  by 
the  higher  wages  and  easier  lives  which  industry  offered.  Educators  remembered 
with  despair  the  p.sychometric  studies  of  1918,  which  showed  that  medical  officers 
had  no  better  brains  than  riuartermasters  (66). 

Prerequisites  for  Admission  to  Medical  Schools 

By  the  second  third  of  the  century  the  total  recjuirement  of  premedical  study 
had  been  increased  almost  to  the  probable  quantitative  limit.  The  Council  on 
Medical  Education  and  Hospitals  of  the  American  Medical  Association  required 
three  years  of  college  work  but  recommended  a  full  four-year  college  course. 
Most  medical  freshmen  (70  per  cent  in  1955-56)  had  the  baccalaureate  degree; 
others  would  acquire  it  at  the  end  of  the  first  year  in  medical  school. 

The  principal  battleground  was  the  composition  of  the  premedical  course, 
although  some  also  objected  to  its  length.  Medical  writers,  medical  editors,  and 
many  medical  and  non-medical  teachers  (67)  complained  that  medical  students 
and  practitioners  had  been  narrowly  trained,  were  vocationally  oriented,  lacked 
the  wide-ranging  cultural  interests  which  ai-e  expected  in  educated  men,  and 
were  consequently  incompetent  to  fill  their  proper  roles  in  American  society. 
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Medical  school  catalogues  began  to  advise  prospective  applicants  that  premedi- 
cal  studies  should  not  be  overbalanced  with  courses  in  the  natural  sciences  to  the 
exclusion  of  courses  in  the  humanities.  Available  evidence  indicates  that  the 
students  did  not  believe  these  sound  and  virtuous  admonitions  but  continued  to 
concentrate  on  the  natural  sciences,  especially  chemistry,  in  the  belief  that  this 
practice  increased  their  chances  of  admission  to  medical  school.  Of  13,-1:07  ap- 
plicants who  took  the  Professional  Aptitude  Test  of  the  Association  of  American 
Medical  Colleges  in  the  autumn  of  1947,  only  3.8  per  cent  had  concentrated  in 
the  humanities  or  the  social  sciences  (68).  While  the  injunctions  of  the  school 
catalogues  (69)  must  be  accepted  as  sincei'e,  it  has  been  established  that,  in  some 
instances  at  least,  the  admissions  officers  of  medical  schools  gave  preponderant 
attention  to  the  grades  which  applicants  had  received  in  the  sciences  (65).  This 
discrepancy  is  either  an  example  of  the  gap  between  creed  and  deed  so  often 
observed  in  human  life,  or  it  may  merely  betoken  the  lack  of  an  agreed  and 
unified  policy  in  the  faculties  of  some  medical  schools.  It  cannot  be  doubted  that 
a  written  entrance  examination  in  the  humanities  would  establish  the  sincerity 
of  official  pronouncements  in  a  manner  unmistakable  by  applicants.  One  ob- 
server wisely  suggested  that  a  premedical  student  should  have  two  advisors, 
one  trained  in  science  and  one  devoted  to  the  liberal  arts  (67). 

Among  the  social  studies  deemed  desirable  for  premedical  and  medical  stu- 
dents, anthropology  made  belated  entry.  A  noted  psychiatrist  advocated  field 
work  in  social  anthropology  as  valuable  preliminary  training  (67).  Duke  Uni- 
versity announced  the  creation  of  a  joint  course  in  psychiatry  and  anthropology 
to  be  given  to  the  first -year  class. 

During  the  wartime  scarcity  of  applicants,  women  briefly  enjoyed  the  esteem 
of  admissions  committees.  From  a  customary  average  of  4  to  5.5  per  cent  the 
proportion  of  female  students  rose  to  a  maximum  of  9.5  per  cent  in  1948,  then 
fell  to  a  steady  post-war  level  of  about  5.5  per  cent.  In  1956  the  J. A.M. A.  re- 
ported that  1,573  women  were  enrolled  in  all  schools  and  that  there  were  340 
graduates.  The  limitation  in  the  number  of  female  applicants  to  medical  schools 
had  long  been  customary;  probably  few  except  women  any  longer  regarded  this 
as  a  form  of  discrimination. 

Opportunities  for  Negroes  to  enter  medical  schools  increased  appreciably 
after  World  War  II.  In  1947-48  there  were  588  enrolled.  In  1955-56  the  number 
was  731,  an  increase  of  about  one-fourth.  In  1955  the  number  of  Negro  graduates 
was  less  than  200,  an  accession  inadeciuate  to  meet  the  demand  or  to  repair  the 
losses  caused  by  death  and  retirement.  The  number  of  medical  schools  which 
enrolled  Negro  students  increased  from  29  in  1947-48  to  approximately  48  in 
1951-52;  of  the  remainder  only  about  16  were  thought  to  maintain  a  policy  of 
exclusion  (70,  71).  In  1948  the  University  of  Arkansas  became  the  first  of  the 
medical  schools  of  the  South  to  admit  a  Negro  student.  Most  of  the  others 
rapidly  followed.  Part  of  the  progress  is  directly  attributable  to  decisions  of  the 
United  States  Supreme  Court  and  to  anti-discrimination  laws,  and  part  may 
represent  a  genuine  expression  of  the  feeling  that  traditional  maltreatment  of 
the  Negro  is  America's  greatest  disgrace.  One  persistent  obstacle,  which  time 
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will  .suR'ly  remove,  is  the  dilliciilt y  in  ohtaiiiiiig  adeiiuate  munlxTs  oi'  highly 
qiiahfied  Negro  candidates  tor  admission  to  medical  schools  and  hospital  resi- 
dencies. Even  in  the  North  the  integration  of  the  Negro  physician  into  American 
life  is  still  far  from  complete. 

In  a  previous  section  of  this  essay  it  was  asserted  that  the  existence  of  dis- 
crimination against  Jewish  and  Roman  Catholic  students  by  medical  schools 
during  1921  to  1941  could  be  strongly  surmised.  After  World  War  II  a  new  spirit 
of  aggressiveness  arose  among  minority  groups,  invigorated  by  new  judicial 
decisions  and  new  statutes  which  formally  forbade  discriminatory  practices  and 
which  in  some  instances  required  the  collection  of  exact  information  on  the 
subject. 

In  1946,  after  appropriate  proposals  had  been  made  by  Gov.  Thomas  E. 
Dewey,  the  New  York  State  Legislature  passed  an  act  creating  a  Temporary 
Commission  on  the  Need  for  a  State  University.  A  report  prepared  for  this 
commission  described  the  presence  of  geographic  discrimination  within  New  York 
State,  operating  to  the  disadvantage  of  applicants  from  New  York  City,  but 
drew  no  clear  conclusion  as  to  racial  discrimination  (72,  73). 

In  1948  the  New  York  legislature  passed  the  Educational  Practices  Act,  which 
stated  that  ".  .  .  the  American  ideal  of  equality  of  opportunity  requires  that 
students,  otherwise  (jualified,  be  admitted  to  educational  institutions  without 
regard  to  race,  color,  religion,  creed,  or  national  origin.  .  .  "  A  study  made  for 
the  State  of  New  York  in  1950  but  not  published  (74,  75)  revealed  that  at  one 
medical  school  there  were  differentials  running  as  high  as  eight  to  one  between 
acceptances  of  Protestant  and  Jewish  candidates  of  ec^ual  grades.  For  three 
other  medical  schools  in  New  York  State  the  ratios  were  seven  to  one,  five  to 
one,  and  four  to  one.  In  1953  the  Regents  of  the  University  of  the  State  of  New 
^'()I•k  sponsored  a  study  of  discriminative  practices  in  medical  education  within 
the  state  (76).  This  survey  revealed  that  ".  .  .  in  both  the  1950  and  1952  group 
applicants,  Jewdsh  students  had  the  highest  median  score,  Protestant  students 
next,  and  Catholic  students  next.  This  order  does  not  conform  to  the  order  of 
admission.  Top-ranking  Protestant  and  Catholic  students  are  more  certain  to 
lie  admitted  than  are  top-ranking  Jewish  students".  Italian  Catholics  appeared 
to  carry  a  heavier  load  of  discrimination  than  Irish  Catholics.  There  was  some 
evidence  that  recency  of  identification  with  American  life  might  be  a  partial 
explanation  of  what  appeared  to  l)e  discrimination  against  applicants  on  the 
basis  of  Jewish  identification. 

Latterly  it  has  become  evident  that  discriminative  barriers  are  being  lowered. 
Whether  this  is  due  to  a  wave  of  liberalism  or  to  the  scarcity  of  suitable  can- 
didates may  become  clearer  in  the  next  few  years,  if  the  medical  schools  are 
again  inundated  by  applicants. 

It  is  noteworthy  that  little  or  none  of  the  recent  progress  in  liberalization 
can  be  conclusively  attributed  to  the  medical  profession  or  its  official  leaders,  so 
far  as  the  written  record  shows.  The  credit  apparently  must  go  to  the  aroused 
consciences  of  laymen  and  to  pressure  groups  organized  among  minorities. 

The  practice  of  geographical  discrimination  continued  to  prevail  in  the  post- 
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war  period  ami  to  be  the  sul)je('t  of  repeated  complaint  in  the  J. A.M. A.  In  some 
schools  it  resulted  from  unwise  legal  enactment.  In  others  it  may  have  expressed 
a  merely  parochial  outlook.  In  still  others  it  was  unquestionably  a  cloak  for  the 
concealment  of  racial  and  religious  discrimination.  There  can  be  no  doubt  that 
geographical  quotas,  like  all  other  quotas,  resulted  in  the  acceptance  of  numbers 
of  candidates  who  would  have  been  rejected  on  groiuids  of  mediocre  or  poor 
scholastic  record. 

States  which  lacked  medical  schools  were  special  victims  of  geographical 
discrimination  and  were  led  thereby  to  look  with  favor  on  the  development 
of  new  schools  of  their  own  or  to  contribute  to  existing  schools. 

All  in  all,  the  task  of  admissions  committees  was  unenviable.  Obliged  to 
contend  with  large  numbers  of  applications,  many  of  which  came  from  men 
who  preferred  some  other  institution,  deluged  with  academic  records  based  on 
differing  standards  of  excellence  and  supplemented  by  unreliable  testimonial 
letters,  mistrustful  of  academic  grades  as  a  criterion  of  excellence,  and  doubtfully 
aided  by  newer  devices  such  as  the  Medical  College  Admission  Test,  they  must 
often  have  speculated  on  the  justice  of  their  own  decisions. 

Medical  School  Curricula 

As  was  to  be  expected.  World  War  II  left  a  deep  but  largely  temporary  im- 
print on  the  curricula  of  medical  schools.  The  luxurious  summer  vacations  cus- 
tomary during  peacetime  were  suppressed.  The  academic  course  was  compressed 
into  a  series  of  four  nine-month  sessions  separated  by  the  briefest  respite.  New 
classes  were  entered  at  intervals  of  nine  months,  and  graduations  occurred 
irregularly,  somewhat  to  the  confusion  of  orderly  statistical  tables.  It  was 
estimated  that  the  accelerated  system  produced  an  extra  7214  medical  graduates 
between  1942  and  1947.  This  result  was  made  po.ssible  by  the  enrollment  of 
medical  students  either  under  the  Army  Specialized  Training  Program  or  the 
Navy  Y-12  program,  which  permitted  exemption  from  regular  military  duty 
during  the  years  of  study. 

The  accelerated  program  was  a  nightmare  to  all  concerned.  Students  were 
exhausted,  even  more  so  than  in  peacetime;  instructors  were  continuously 
occupied  in  teaching,  and  many  had  excessive  loads  because  colleagues  were  in 
the  armed  forces;  in  some  instances  the  quality  of  instruction  deteriorated. 
There  was  a  temporary  boom  in  tropical  medicine,  parasitology,  military  medi- 
cine, first  aid,  and  traumatic  surgery.  Instruction  in  atomic  medicine  became 
understandably  popular.  When  the  Korean  War  brought  the  possibility  of  a 
new  world-wide  conflagration,  medical  educators  were  disinclined  to  reinstitute 
the  dreadful  accelerated  curriculum  of  World  War  II. 

By  the  close  of  the  war  the  J. A.M. A.  declared  the  need  for  curricular  reform. 
Some  suggested  changes  were  reduction  in  scheduled  hours,  especially  lectures; 
provision  of  free  time  for  students  for  reading,  research,  and  special  interests; 
reduction  in  the  great  mass  of  detail  required  of  students;  closer  integration  of 
the  basic  sciences  with  one  another;  development  of  interdepartmental  in- 
struction; correlation  of  basic  sciences  with  clinical  work;  more  complete  depend- 
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ence  on  the  case  method  of  clinical  insti'uction;  the  development  of  research, 
seminars,  discussions  and  courses  in  the  social  and  economic  aspects  of  medicine 
and  in  the  distribution  of  medical  care  (77).  These  suggestions  are  quoted  almost 
vei'batim  since  they  are  an  excellent  statement  of  the  needs  of  the  time  and 
also  an  astonishingly  good  outline-  of  the  changes  which  actually  occurred  in  the 
post-war  decade. 

One  critic  (78)  expressed  the  opinion  that  medical  education  was  partly  re- 
sponsible for  the  failure  of  the  medical  profession  to  exhibit  insight  and  aggressive 
leadership  in  molding  public  opinion  toward  solution  of  the  problem  of  medical 
care.  "The  reason  is  that  medical  education  of  the  past,  which  trained  the  current 
leaders  of  the  organized  profession,  concentrated  almost  exclusively  on  the 
science,  technology,  and  art  of  medicine.  .  .  .  Adequate  attention  was  not  given 
to  the  social  implications  of  medical  practice  and  the  social  responsiblity 
of  the  physician".  Another  educator  felt  that  medical  teaching  was  far  behind 
the  times  (79).  Curriculum  committees,  he  asserted,  were  composed  of  techni- 
cians uninterested  in  educational  science  and  unfamiliar  with  it.  There  was 
no  premium  on  pedagogic  skill  comparable  to  the  rewards  given  for  research. 
Medical  teachers  had  unrealistic  concepts  of  motivation,  were  preoccupied  with 
eliciting  psittacine  responses  from  students,  and  lacked  familiarity  with  the 
principles  of  learning. 

One  group  of  twelve  faculty  members  undertook  its  own  investigative  analysis 
of  fundamental  educational  principles.  Some  20  hours  of  discussion  were  held. 
With  the  help  of  the  Commonwealth  P'und  this  project  will  now  develop  into 
an  annual  series  of  seminars  and  workshops  (80). 

Another  evidence  of  serious  interest  in  improved  medical  teaching  was  the 
conference  on  psychiatric  education  held  in  1951  under  the  sponsorship  of  the 
Association  of  American  Medical  Colleges,  and  followed  in  1952  by  one  on  pre- 
ventive medicine.  These  conferences  were  supported  by  philanthropic  founda- 
tions. The  next  year,  1953,  witnessed  the  start  of  a  series  of  annual  teaching 
institutes  conducted  by  the  Association  of  American  Medical  Colleges.  Subjects 
covered  in  past  or  future  institutes  are:  physiology,  biochemistry,  and  phar- 
macology; pathology,  microbiology,  immunology,  and  genetics;  anatomy  and 
anthropology;  medical  ecology;  clinical  teaching  and  specialty  training. 

In  1956  the  J.A.M.A.  reported  that  ten  medical  schools  had  received  from 
the  Commonwealth  Fund  appropriations  totalling  $7,150,000  to  initiate  or 
maintain  creative  programs  in  medical  education.  The  Ford  Foundation  in 
December  1955  devoted  $90,000,000  to  the  endowment  of  privately  owned 
medical  schools  to  aid  them  in  strengthening  instruction.  This  colossal  benefac- 
tion was  increased  three  months  later  by  an  appropriation  of  $10,000,000  for  a 
five-to-ten  year  program  of  matching  grants  to  the  National  Fund  for  Medical 
Education. 

The  material  aid  provided  by  these  and  many  other  donors  allowed  the 
realization  of  a  host  of  new  curricular  reforms.  Many  of  these  innovations  rep- 
resented humanistic  impulses,  and  some  demonstrated  the  leadership  of  psy- 
chiatry and  preventive  medicine  in  building  a  new  world  of  medical  education. 
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The  general  tendency  was  to  see  the  patient  as  a  whole  human  being,  not  merely 
an  assemblage  of  tissues  embedded  in  fluids  of  constant  pH,  but  a  rational  and 
emotional  creatvu'e  who  lived  in  a  family  and  a  social  order.  Correspondingly 
the  attempt  was  made  to  liberate  medical  instruction  from  the  rod  of  the  gram- 
mar school  teacher  and  to  develop  self-reliant  well  rounded  physicians  who  should 
be  able  to  cope  with  man  in  all  his  complexity. 

Only  a  few  individual  projects  can  be  noticed  here.  In  1941-2  New  York 
University  commenced  the  teaching  of  environmental  medicine  and  the  study 
medico-social  problems.  At  about  the  same  time  the  Association  of  American 
Medical  Colleges  formed  a  subcommittee  charged  with  the  exploration  of  the 
same  subject  (81).  Social  and  environmental  medicine  were  taught  at  Vander- 
bilt.  Family  medicine  was  introduced  at  Pennsylvania,  Louisville,  and  Albany. 
An  important  correlative  multidisciplinary  method  was  created  at  Western 
Reserve  in  1952-3  (82)  and  supplemented  by  intramural  clinical  preceptorships. 
A  few  schools  emphasized  preparation  for  general  practice  (83).  Others  introduced 
clinical  teaching  at  the  start  of  the  medical  course.  The  tendency  to  introduce 
clinical  instruction  into  the  pre-clinical  years  produced  difficulties  for  the  two- 
year  schools,  which  lacked  clinical  material.  Still  other  schools  extended  the 
teaching  of  psychiatry  through  the  length  of  the  curriculum.  New  York  Medical 
College  introduced  clinical  clerkships  as  a  regular  feature  occupying  the  entire 
fourth  year  of  the  course  (84).  In  one  school  a  well-designed  short  course  in  the 
history  of  medicine  was  given  as  an  orientation  course  to  introduce  the  student 
to  medicine  (85). 

The  study  of  the  history  of  medicine  was  slowly  gaining  favor.  In  1955  the 
subject  was  presented  as  either  a  required  or  an  elective  study  at  no  less  than 
71  schools  (86).  The  courses  were  conducted  by  departments  of  medical  history, 
cultural  medicine,  social  and  environmental  medicine,  or  by  long-established 
departments  of  the  older  type,  viz.,  anatomy,  medicine,  surgery,  etc.  The  special 
institute  at  Johns  Hopkins  continued  to  be  a  leader.  Especially  noteworthy 
also  was  the  instruction  at  the  University  of  Kansas;  here  the  teaching  of  the 
history  of  medicine  was  well  integrated  into  teaching  of  other  subjects. 

Minor  curricular  alterations,  too  numerous  to  be  noted  here,  continued  to 
occupy  the  attention  of  medical  faculties.  Often  the  condition  of  the  curriculum 
at  a  school  reflected  the  aggressiveness  or  power  of  some  one  determined  faculty 
member.  In  the  pre-clinical  branches  there  was  probably  a  weakening  of  the 
earlier  tendency  to  teach  such  subjects  as  anatomy,  physiology,  and  bio-chem- 
istry as  entities  by  and  for  themselves.  The  increasing  trend  toward  correlation 
now  compelled  pre-clinical  teachers  to  keep  steadily  in  mind  the  fact  that  they 
were  teaching  future  physicians  and  not  specialists  in  this  or  that  science. 

Another  old  weakness  had  l)een  the  separation  of  the  professor  from  the  stu- 
dent. It  was  perfectly  possible  for  a  man  to  complete  the  medical  course  without 
being  personally  known  to  the  dean  or  the  major  professors.  Since  the  chief 
educative  force  is  apt  to  be  personal  as  much  as  curricular,  the  defect  was 
regrettable.  The  popularity  of  the  new  preceptorships  tended  to  insure  that 
each  student  would  be  individually  guided,  helped,  and  influenced.  This  far 
transcended  curricular  details  in  importance. 
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The  cliiiico-i);!! holoj^ical  contorence,  charnct eristic  of  Aniciican  t('achiiif>;,  coii- 
timuHl  to  enjoy  tiivor,  despite  attacks  on  the  \  alue  of  tlu;  autopsy  ;uid  occasional 
unjust  (lepn>cation  of  inorl)i(l  anatomy  (87-94). 

The  chnical  clerksliip  remained  the  main  instrument  of  cUnical  instruction 
in  most  schools.  It  was  especially  popular  in  souk;  (iO  medical  schools  which 
maintained  effecti\'e  connection  with  5-4  Veterans  Administration  Hospitals 
because  most  of  these  hospitals  maintain  residency  programs  without  parallel 
internship  programs.  Consequently  there  could  l)e  no  competition  between  stu- 
dent and  intei'n. 

In  some  hospitals  instruction  on  the  public  wards  was  weakened  by  the  new 
proliferation  of  health  insurance  plans,  which  deflected  many  ward  patients  into 
semi-private  and  private  departments.  Accordingly  an  effort  was  made  to  utilize 
such  departments  for  clinical  teaching.  By  195()  this  attempt  had  attained  in- 
complete success. 

A  weakness  remained  in  the  use  of  out-patient  clinics  for  teaching.  Although 
out-patient  pi'actice  was  closest  in  character  to  the  office  practice  of  the  future 
physician,  the  problems  encountered  in  this  department  usually  seemed  less 
interesting  and  stimulating  to  student  and  instructor  than  the  graver  problems 
encountered  in  hospital  wards. 

A  new  and  forward-looking  tendency  was  the  use  of  television  in  teaching. 
Black  and  white  television  was  used  at  the  University  of  Kansas  in  1950; 
regular  surgical  teaching  by  means  of  color  television  was  adopted  there  in 
1951. 

Graduate  and  Postgraduate  Medical  Education 

During  World  War  II  the  quality  of  the  internship  tended  to  decline,  quite 
understiuidably.  Instructional  staffs  were  depleted  and  overworked,  hospital 
facilities  w'ere  often  inadeciuate,  and  some  of  the  interns  were  men  who  had  had 
part  of  their  schooling  under  unfavorable  wartime  conditions.  After  the  war  an 
effort  was  made  to  improN'e  the  teaching  of  interns.  This  was  especially  necessary 
in  hospitals  which  had  no  effective  connection  with  medical  schools.  As  an 
experiment,  part-time  instructors  were  installed  in  a  few  hospitals.  In  the  state 
of  Michigan  a  statewide  pooling  of  hospital  teaching  resources  was  devised  (67). 

Gradually  the  opinion  spread  that  the  internship  was  less  valuable  than  it 
had  been,  partly  because  of  the  general  development  of  student  clerkships  and 
partly  because  of  the  increase  in  the  number  of  residencies.  Medical  schools 
abandoned  the  re(|uirement  of  a  year  of  internship  as  a  prere(iuisite  for  gradua- 
tion. 

Many  internships  remained  unfilled.  For  example,  in  1954  it  was  reported 
(95)  that  85()  approved  hospitals  had  ottered  1 1,00()  internships,  of  which  about 
6000  were  filled  by  American  students  and  1800  by  foreign  graduates.  Thus 
about  8000  or  more  internships  remained  vacant.  An  eff'ort  to  cope  w'ith  this 
difficulty  produced  the  so-called  Matching  Plan,  in  which  an  attempt  was  made 
to  list  and  reconcile  the  preferences  of  hospitals  and  internship  applicants  (96). 

By  the  middle  1950's  there  was  a  marked  preference  for  rotating  internships. 
In  1956  the  J. A.M. A.  reported  that  so-called  straight  internships,  i.e.,  intern- 
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ships  in  a  siuglv  l)rauch  of  medicine,  represented  only  ten  per  cent  of  all  approved 
internships. 

Residencies  blossomed  and  multiplied  after  the  War.  Army  doctors  had  ample 
opportunity  to  observe  the  high  rank  and  esteem  which  were  accorded  to  both 
military  and  civilian  specialists.  Hence  a  great  many  physicians  who  left  the 
armed  forces  after  the  war  immediately  sought  residencies,  while  medical  officers 
of  the  permanent  army  and  navy  likewise  felt  the  desire  for  specialized  training 
and  for  the  advancement  which  this  might  bring. 

Whereas  in  1941  there  had  been  5256  physicians  in  approved  assistant  resi- 
dencies, residencies,  and  fellowships  in  610  hospitals,  by  1946  the  J. A.M. A. 
reported  8930  approved  residency  positions  in  887  hospitals.  This  rapid  expan- 
sion was  accomplished  by  organized  medicine  in  collaboration  with  large  and 
small  hospitals;  some  of  the  smaller  institutions  procured  affiliation,  temporary 
or  otherwise,  with  larger  hospitals  and  with  medical  schools.  The  number  of 
residencies  continued  to  increase  after  the  immediate  postwar  period.  In  1955-56 
there  were  26,516  approved  residency  positions  in  1,202  hospitals  (97).  Despite 
the  expansion  and  the  widespread  increase  in  affiliation  with  medical  schools, 
it  was  noted  that  a  few  city  and  county  hospitals  resisted  connection  with 
schools. 

The  increase  in  the  demand  for  residencies  acceptable  to  specialty  boards 
had  many  consequences.  Since  the  boards  wisely  required  that  training  for 
the  residency  include  study  of  the  basic  medical  sciences,  a  huge  burden  was 
thrown  upon  the  medical  schools.  Thus  in  1947  the  basic  science  departments  of 
no  less  than  58  medical  schools  offered  organized  training  of  this  type  for  resi- 
dents. This  added  to  the  strain  on  the  physical,  pedagogic,  and  financial  resources 
of  the  medical  schools. 

Despite  these  difficulties  a  magnificent  accomplishment  was  achieved  in  the 
technical  training  of  specialists  in  almost  all  fields.  After  the  war  new  specialty 
boards  were  created  in  such  fields  as  preventive  medicine,  proctology,  and 
thoracic  surgery. 

Much  w'as  accomplished  also  in  the  realm  of  postgraduate  medical  education. 
Large  numbers  of  physicians  engaged  in  active  practice  felt  the  need  for  re- 
fresher courses,  continuation  courses,  and  special  training  of  many  kinds.  A 
wide  variety  of  facilities  sprang  up  in  response  to  this  need.  The  chaotic  situation 
was  studied  by  Vollan  over  a  period  of  two  and  one  half  years;  his  observations 
are  reported  in  a  series  of  eight  articles,  to  which  the  reader  is  referred  for  full 
details  (98-105).  Some  of  VoUan's  conclusions  were  as  follows:  There  was  gross 
maldistribution  of  postgraduate  opportunities,  the  South  Atlantic  states  and 
Plains  states  having  least.  There  was  a  dearth  of  postgraduate  opportunities 
designed  specially  for  general  practitioners.  Young  graduates  needed  special 
subsidies  in  order  to  take  courses.  There  was  great  need  for  refresher  courses 
designed  to  bring  the  practitioner  up-to-date.  "Didactic"  methods  were  more 
useful  in  postgraduate  than  in  undergraduate  medical  education;  television 
promised  to  be  a  useful  adjuvant.  There  Avas  need  of  a  larger  teaching  force, 
which  would  have  to  be  recruited  from  medical  schools  and  large  hospitals. 
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1  Postgraduate  medical  education,  Vollaii  I'ouiul,  lacked  clearly  delined  purposes 
and  needed  a  permanent  national  advisory  council.  He  observed  also  that  the 
system  was  variously  sponsored!  and  insecurely  financed. 

In  1956  the  Council  on  Medical  Education  and  Hospitals  of  the  American 
Medical  Association  announced  the  creation  of  an  Advisory  Commission  on 
Postgraduate  Medical  Education.  Thus  postgraduate  medical  education  showed 
evidence  of  pursuing  the  developmental  cycle  followed  earlier  by  undergraduate 
and  graduate  medical  education. 

Finances  of  Medical  Education 

During  the  decade  which  came  after  World  War  II,  medical  schools  continued 
to  be  afflicted  by  financial  problems.  These  were  not  solved  by  the  end  of  1956, 
although  impressive  progress  had  been  made.  Much  of  the  statistical  information 
in  this  section  has  been  taken  from  the  Journal  of  the  American  Medical  Educa- 
tion and  from  the  comprehensive  survey  by  Deitrick  and  Berson  (65). 

As  medical  instruction  developed  from  the  simplicity  of  the  late  nineteenth 
century  into  the  big  complex  business  which  arose  in  the  twentieth  century, 
the  need  for  detailed  accounting  practices  became  unavoidable.  Especially 
necessary  was  a  system  which  should  separate  routine  instructional  and  ad- 
ministrative funds  from  funds  designated  for  special  research  and  teaching 
projects.  It  was  also  useful  to  segregate  the  cost  of  teaching  medical  students, 
who  often  constituted  one-third  or  less  of  the  total  educational  clientele,  from 
the  cost  of  instruction  given  to  nurses,  dentists,  social  w^orkers,  and  others,  and 
to  separate  the  expense  of  teaching  from  the  expense  of  services  rendered  to 
hospital  and  clinic  patients. 

In  its  most  recent  issues  devoted  to  medical  education  the  J. A.M. A.  has  used 
the  term  basic  medical  school  operating  budget,  which  is  defined  as  "funds  utilized 
for  the  operating  activities  of  the  school  exclusive  of  appropriations  for  hospital 
and  for  clinic  operation  and  maintenance  or  grants-in-aid  from  outside  sources 
for  research  or  teaching"  (106).  The  basic  operating  budget  is  separated  from 
(a)  research  grants  received  from  outside  sources  and  (b)  teaching  grants  from 
outside  sources.  Because  of  local  variations  in  accounting  practices  and  because 
of  the  modernization  of  accounting  practices  in  many  schools,  figures  obtained 
from  different  schools  are  not  always  comparable.  For  the  same  reason  figures 
reported  in  different  years  are  also  not  always  comparable. 

In  the  post-war  period  there  was  a  marked  rise  in  the  total  basic  operating 
budgets  of  all  schools  taken  together.  The  figure  for  1947-8  was  in  excess  of 
$43,000,000.*  The  total  budget  for  1956-7,  exclusive  of  funds  for  construction 
and  operation  of  major  clinical  facilities,  was  $178,650,460.  It  is  interesting  to 
observe  that  of  the  basic  operating  budget  for  1956-7,  government  appropriation 
at  all  levels  provided  47.5  per  cent,  endowment  11.5  per  cent,  tuition  income 
18.2  per  cent,  general  university  funds  6.7  per  cent,  and  gifts,  grants  and  other 
sources  16.1  per  cent  For  a  slightly  earlier  period  Deitrick  and  Berson  (65) 
reported  that  for  37  privately  supported  medical  schools  the  proportion  of  income 

*  Estimate  for  1956-57  was  $11,167,07.3. 
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derived  from  taxes  federal  and  other,  rose  from  2.()  per  cent  in  1940  41  to  30.5 
per  cent  in  1950-51.  This  increase  in  the  proportion  derived  from  the  government 
amounted  to  almost  a  forty-fold  increase  in  terms  of  dollars,  and  pointed  to  one 
of  the  salient  characteristics  of  medical  sch(,)ol  finance  of  the  postwar  period.  It 
strikingly  exemplifies  the  tendency,  which  we  have  previously  noticed,  for  the 
spread  of  the  government  into  areas  earlier  I'egarded  as  the  concern  of  the  private 
citizen. 

Another  important  development  has  been  the  increa.se  in  support  from  corpora- 
tions and  foundations.  Sporadic  efforts  in  this  field  were  concentrated  (in  true 
American  style)  in  1951,  when  leaders  in  industry,  labor,  agriculture  and  other 
fields  joined  with  organized  medicine  in  sponsoring  the  National  Fund  for  Medi- 
cal Education  to  raise  money  from  voluntary  .sources  in  support  of  medical 
schools.  In  the  same  year  the  American  Medical  Association  sponsored  the 
establishment  of  the  American  Medical  Education  Foundation  as  a  mechanism 
through  which  physicians  and  medical  societies  could  contribute  to  the  same 
important  cause;  the  monies  would  be  distributed  through  the  National  Fund. 
Between  1951  and  1955  the  Fund  distributed  more  than  9.5  million  dollars  to 
medical  schools.  In  December  1955  the  Ford  Foundation  contributed  ninety 
million  dollars  for  instruction  at  privately  supported  medical  schools.  In  March 
1956  the  same  foundation  allocated  an  additional  ten  million  dollars  for  "match- 
ing grants"  to  the  National  Fund  for  Medical  Education. 

The  dean  of  a  leading  medical  school  estimated  that  in  1954  the  corporate 
contributions  to  all  private  educational  institutions  represented  eight  per  cent 
of  the  money  expended  by  those  universities  and  colleges.  This  sum,  amounting  to 
about  a  hvuidred  million  dollars,  was  only  0.25  per  cent  of  net  corporate  profits 
before  taxes.  He  further  estimated  that  .025  per  cent  of  those  net  profits  would 
underwrite  the  deficits  of  all  the  medical  schools  in  the  United  States  (107). 

Despite  help  from  industry  and  government  the  finances  of  American  medical 
schools  were  beset  with  difficulties.  The  layman  usually  failed  to  understand 
that  even  with  their  huge  incomes  the  medical  schools  could  not  function  with- 
out large  gifts  in  the  form  of  highly  skilled  unpaid  labor  contributed  by  volunteer 
teachers.  Thus  in  1948  the  J. A.M. A.  reported  that  in  many  schools  teachers 
who  serve  without  pay  are  responsible  for  a  major  part  of  the  instruction  in 
clinical  departments. 

The  students,  too,  had  their  financial  problems.  In  the  immediate  post-war 
period  many  were  ^•eterans,  and  as  such  received  subventions  under  the  so- 
called  G.I.  Bill  of  Rights.  Moreover  the  old-fashioned  idea  that  a  man  should 
not  marry  until  he  could  support  a  wife  yielded  to  the  newer  imprudence  of 
early  marriage.  In  1950  no  less  than  40  per  cent  of  students,  disregarding  Bacon's 
essay,  had  taken  wives*. 

In  1954  it  was  found  that  the  average  student  spent  SI 500  a  year  in  addition 
to  tuition  and  other  fees.  His  total  annual  expense  av^eraged  S2300  a  year,  or 

*  ".  .  .  for  they  ;ire  impediment.s  to  great  enterprises,  either  of  virtue  or  mischief". 
Bacon,  Of  Marriage  and  Single  Life. 
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.S!)2()()  ill  lour  years.  Approximutely  three-fourtlis  of  the  students  received  either 
a  gift  or  a  loan,  averaging  more  than  $1000  a  year,  usually  without  interest, 
from  their  parents.  Approximately  two-thirds  of  the  wi\'es  of  students  were 
employed  and  sui)ported  their  husbands  (108).  About  one-fourth  of  the  students, 
despite  heavy  scholastic  schedules,  held  some  kind  of  job  duiing  the  school 
year  (109). 

Full-time  Teachers 

A  major  difficulty,  having  both  financial  and  pedagogic  aspects,  was  the 
problem  of  full-time.  The  German  origin  and  American  evolution  of  this  system 
have  been  described  in  earlier  sections  of  this  history.  By  the  middle  of  the 
twentieth  century  the  full-time  method  was  firmly  entrenched  in  preclinical 
departments.  The  clinical  departments  remained  an  arena  of  combat.  The  most 
usual  method  was  to  have  a  nucleus  of  full-time  professors  and  other  ranks  in 
the  major  clinical  branches.  These  men  had  academic  careers,  titles,  and  power. 
Supplementing  the  oligarchy  was  a  group  of  "geographic  full-time"  men  of 
various  ranks  (106)  who  concentrated  their  main  interest  at  the  medical  school 
and  practiced  there,  retaining  either  all  or  part  of  the  fees.  Still  others  practiced 
in  their  own  offices  and  taught  at  the  medical  school,  receiving  stipends  or  not 
as  the  case  might  be.  Its  protagonists  credited  the  full-time  system  with  a  major 
share  in  the  notable  efflorescence  of  American  medical  education  in  the  twentieth 
century.  The  system,  with  all  its  virtues  and  defects,  was  a  costly  one,  even 
though  professors  were  chronically  underpaid.  Hence  many  full-time  men  were 
ol)liged  to  resort  to  practice  in  order  to  supplement  their  incomes.  Practitioners, 
sensitive  to  any  real  or  imagined  economic  threat,  feared  that  competition  from 
academic  rivals  was  being  added  to  competition  from  prepaid  health  plans; 
they  complained  vigorously  in  public  and  sulphurously  in  private.  The  difficulties 
are  too  important  to  remain  unresolved.  Increasing  diversion  of  full-time  men 
into  practice  would  be  a  regression  to  conditions  of  1910.  It  was  generally  agreed 
that  the  solution  lay  in  increasing  the  income  of  the  medical  schools,  but  it  was 
not  easy  to  see  how  this  could  be  brought  about. 

Research 

An  additional  financial  peculiarity  of  the  postwar  period  concerned  research. 
As  we  have  previously  seen,  part  of  the  massive  expansion  of  American  industry 
was  directly  attributable  to  aggressive  programs  of  applied  research.  The  tangible 
financial  success  of  such  efforts  made  it  easy  for  industrialists  to  become  en- 
thusiastic about  revsearch  in  medicine.  This  attitude  coapted  well  with  the  old 
American  idea  that  a  man's  fate  is  basically  the  result  of  his  own  willingness  to 
work,  and  that  mundane  problems  are  inherently  soluble.  Added  to  this  was  the 
fact  that  research  had  been  glamorized  in  novels,  plays,  and  radio  broadcasts, 
whereas  teaching  was  usually  ignored  as  uninteresting  or  spinsterish.  For  these 
and  perhaps  other  reasons  medical  research  rapidly  became  the  favorite  child  of 
philanthropy.  By  1953  Deitrick  and  Berson  (65)  reported  that  while  funds 
obtained  for  the  general  operating  expenses  of  59  schools  had  risen  by  almost 
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140  per  cent  in  the  years  between  1940-41  and  1950-51,  funds  restricted  to 
research  had  increased  almost  800  per  cent  in  the  same  period  of  time.  P'unds 
of  the  latter  type  were  unequally  distributed;  privately  supported  medical  schools 
expended  much  more  for  research  than  did  tax-supported  schools  and  made  a 
much  greater  contribution  to  research.  In  1955  the  J.A.M.A.  reported  further 
marked  increases  in  funds  contributed  by  outside  agencies  in  support  of  research 
by  medical  schools.  It  was  anticipated  that  54.4  million  dollars  would  be  received 
in  1955-6  in  this  way,  an  increase  of  9.1  million  over  the  previous  year.  At  the 
same  time  teaching  grants  would  amount  to  seven  million  dollars,  an  increase 
of  only  S161,494  in  one  year. 

The  admirable  system  of  fellowships  and  grants  awarded  by  the  National 
Institutes  of  Health  expanded  rapidly.  The  system  came  to  include  five  categories 
of  research  fellowship  corresponding  to  five  grades  of  advancement  and  knowl- 
edge. To  these  were  added  training  awards  and  research  grants.  In  the  fiscal 
year  1945,  according  to  the  J.A.M.A.  (106)  the  National  Institutes  of  Health 
appropriated  S28,000  for  research  fellowships,  $29,000  for  training  awards,  and 
$85,030  for  research  grants  in  the  fiscal  year  1945.  For  fiscal  1957  the  respective 
figures  were  $5,397,000,  $28,057,000,  and  $89,697,000. 

These  considerations  are  relevant  to  our  theme  because  of  the  marked  influence 
which  medical  research  has  had  as  a  stimulant  to  medical  teaching  and  medical 
teachers.  At  the  same  time  the  aureate  hyperplasia  of  research  has  had  certain 
unfavorable  effects  on  teaching.  As  has  been  stated  previously,  academic  ad- 
vancement in  medicine  depended  and  still  depends  on  achievement  and  publica- 
tion in  research.  It  was  not  to  be  wondered,  therefore,  that  the  allocation  of 
huge  sums  of  money  to  research,  an  expression  of  public  approval,  should  cause 
further  relegation  of  teaching  to  a  low  rank  on  the  scale  of  the  ambitious  acad- 
emician. To  this  must  be  added  the  fact  that  sums  of  money  donated  for  research 
often  included  inadequate  provision  for  the  overhead  costs,  which  thus  rep- 
resented a  drain  on  the  administrative  purse  and  consequently  impoverished  the 
instructional  funds.  It  is  greatly  to  the  credit  of  the  National  Institutes  of  Health 
that  its  projects  have  been  administered  in  a  liberal  spirit,  and  not  in  a  spirit  of 
bureaucratic  control.  Future  developments  are  likely  to  be  along  the  line  of 
"block  grants"  for  uncommitted  investigators,  instead  of  "project  grants"  (110). 

FUTURE  DEVELOPMENTS  IN  MEDICAL  EDUC.ITIOX 

Many  historians  feel  that  prediction  has  no  proper  place  in  historical  writing- 
Yet  the  reader  who  has  had  the  hardihood  to  follow  the  text  up  to  this  point 
may  wish  for  at  least  a  brief  suggestion  of  probable  future  developments  in  the 
field  of  medical  education. 

It  is  safe  to  predict  that  the  number  of  medical  schools  and  students  will 
continue  to  increase  slowly.  Although  the  number  of  college  graduates  will 
increase  sharply,  this  does  not  automatically  imply  a  corresponding  increase 
in  the  number  of  applicants  to  medical  schools,  since  the  competition  from 
industry  can  be  expected  to  strengthen.  We  have  no  justification  for  expecting 
an  impi'ovement  in  the  calibre  of  applicants  in  the  next  decade,  since  high  schools 
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will  be  overwhclnu'd  by  a  Ini^v  iiicicase  in  their  eiirollineut  and  no  adequate 
measures  are  announced  for  improving  the  (juality  of  secondary  school  education. 
College  education  shows  a  slight  and  apparently  authentic  shift  away  from 
\()cationalism  but  it  cannot  yet  be  asserted  that  this  will  affect  any  significant 
number  of  students.  It  is  uncertain  whether  the  recent  decline  in  discriminatory 
patterns  of  admission  to  medical  schools  will  persist.  The  curricula  of  medical 
schools  and  their  equipment  will  continue  to  improve  but  there  will  be  a  serious 
shortage  of  competent  instructors  and  medical  research  workers.  The  fate  of 
the  internship  is  precarious  but  its  total  extinction  is  improbable.  Re.sidencies 
will  be  supervised  even  more  strictly  than  heretofore  and  will  improve,  especially 
if  suitable  arrangements  can  be  made  for  the  use  of  private  patients  for  teaching. 
Some  small  hospitals  will  probably  pool  their  clinical  resources  and  will  perhaps 
;q)p()int  coordinators  of  medical  education.  Postgraduate  education  will  improve 
greatly.  The  entire  educational  structure  would  crumble  if  government  aid  should 
be  withdrawn,  but  this  is  improbable.  The  present  economic  inflation,  with  its 
threat  of  future  economic  depression,  implies  a  fundamental  instability  in  the 
finances  of  medical  schools. 

The  future  American  medical  graduate  will  be  well  grounded  in  clinical  medi- 
cine, psychiatry,  and  public  health.  If  he  is  lucky,  he  will  be  an  educated  man  in 
addition. 
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ABDOMIXAl.  I'AIX  WITH  1  F.VER.  COITiH  AXD  CACHEXIA 

FKXTOX  SCHAFFXER,  M.l). 

A  ()(■)  year  old  nuii<raiiaii  gardener  was  admitted  to  The  Mount  Sinai  Hospital 
complaining  of  se\'ere  mid-abdominal  pain  of  six  weeks  duration.  He  had  l)een 
followed  intermittently  in  the  Outpatient  Department  for  12  years  because  of 
al)doniinal  distress,  (iastrointestinal  x-rays  were  reported  negative  12  and  8 
years  prior  to  admission.  The  abdominal  discomfort  came  two  to  three  hours 
after  meals,  lasted  an  hour,  and  was  sometimes  relie^•ed  by  milk.  Six  weeks  before 
admission  the  pain  became  severe  and  constant  and  was  not  relie\'ed  by  anything 
the  patient  would  do.  His  appetite  fell  markedly  and  he  lost  45  pounds  during 
the  three  months  prior  to  admission.  He  occasionally  vomited  small  amounts  of 
whitish  matei'ial  with  no  blood.  His  bowel  mo\-ements  had  lieen  normal  with  no 
change  in  hal)it.  He  also  developed  a  cough  productive  of  small  amounts  of 
white  mucus  with  no  blood.  He  had  been  feeling  weak  and  dizzy  for  six  months 
and  on  the  day  of  admission  he  collapsed  but  did  not  lose  consciousness.  He 
smoked  ten  cigarettes  a  day  and  had  been  taking  no  drugs.  Two  sisters  had 
hypei'tension,  one  of  whom  died  of  it. 

He  appeared  emaciated,  dehydrated,  and  acutely  and  chronically  ill.  His 
tempciature  was  100.5°  F.,  pulse  88/min.,  respirations  20  min.,  and  blood 
pressure  144  00.  Eyes,  ears,  nose  and  throat  were  normal.  X^o  enlarged  lymph 
nodes  were  felt.  A  few  rales  which  cleared  on  coughing  were  heard  in  the  right 
upper  lung  field.  The  heart  tones  were  poor,  but  no  enlargement,  arrhythmia  or 
murmurs  were  present.  The  ai)domen  was  scaphoid  and  tender  e\-en  to  light 
palpation  in  the  umbilical  region  and  in  the  right  upper  (quadrant.  X'o  rebound 
tenderness  was  elicited  and  no  organs  were  felt.  Bowel  sounds  were  loud.  A  3  X 
5  cm.  mass  was  felt  in  the  right  lower  (juadrant.  X*o  other  abnormalities  were 
found  in  the  remainder  of  the  examination. 

Urinalysis  was  negative.  Hemoglobin  was  11.5  Gm.%,  white  blood  count 
5,200  cu.  mm.  with  70%  segmented  cells,  15%  band  forms  and  15%  lympho- 
cytes. Sedimentation  rate  was  10  mm./hr.,  blood  urea  nitrogen  9  mg.  %,  blood 
glucose  88  mg.  %,  CO2  25.2  mEcj.  L,  chlorides  103  mEq./l.,  albumin  2.7  Gm.%, 
globulin  2.5  Gm.%,  calcium  9.8  mg.  %,  phosphorus  2.2  mg.  %,  sodium  140 
mE(i.  1.,  potassium  4.5  mEq.  1.,  cholesterol  90  mg.  %,  alkaline  phosphatase  7.7 
KA  units,  acid  phosphatase  0.8  KA  units,  cephalin  flocculation  1+  and  .serum 
amylase  50  imits.  The  bone  marrow  was  hypocellular  but  nondiagnostic.  Muco- 
proteins  were  180.0  mg.  %,  acid  precipitable  globulins  1.7  units  and  zinc  sulfate 
tiubidity  was  8.0  units.  Free  acid  was  present  in  the  stomach.  Stools  were  guaiac 
negative.  Tuberculin  test  with  PPD  ^  1  was  positive.  Sputum  and  gastric  smears 
were  negati\"e  for  tubercle  bacilli.  Chest  x-ray  showed  infiltrations  involving  the 
right  up])er  and  middle  lobes.  Xo  cavities  nor  calcifications  were  seen  except  in 
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the  basal  pleura  on  the  right.  A  small  inlill rat ioii  was  seen  in  the  Ict'l  infra- 
clavicular region.  Tomograms  revealed  small  irregular  luceiicies  hut  no  discrete 
cavities.  Barium  enema  showed  a  narrowed  and  irregularly  shaped  (^ecum  and 
some  rigidity  of  the  terminal  ileum  with  a  cobblestone  appearance.  Barium  meal 
showed  some  small  bowel  dilatation.  The  distal  three  feet  of  ileum  showed 
extrinsic  pressure  effects  and  the  terminal  six  inches  showed  effacement  of  the 
mucosa  with  slight  serration  in  its  edges. 

The  patient  was  treated  with  fluids,  penicillin  and  tetracycline,  but  despite 
this  his  temperature  rose  to  102°  F.  and  he  liecamc  uni-esponsive  and  hypo- 
tensive. He  expired  on  the  Kith  hospital  day. 

Dr.  Bernard  ^Volf*:  This  is  a  very  simple  story,  at  least  from  a  historical  point 
of  view,  but  the  history  is  not  actually  very  helpful  diagno.stically. 

A  66  year  old  Hungarian  male  had  been  seen  like  many  patients  off  and  on  in 
the  Outpatient  Department  apparently  for  many  years.  Because  of  the  ab- 
dominal distress,  it  would  appear  that  he  should  have  had  a  duodenal  ulcer  or 
benign  peptic  ulcer  of  the  stomach.  However,  barium  meal  examination  on  two 
different  occasions  during  this  interval  was  negative  for  any  abnormality  in  the 
esophagus,  stomach  or  duodenum.  As  a  matter  of  fact,  the  barium  meal  exami- 
nation during  his  stay  in  the  hospital  also  showed  no  abnormality  in  the  stomach 
or  duodenum.  About  six  months  prior  to  his  admission  to  the  hospital,  he  became 
weak  and  dizzy.  In  the  interval  of  three  months  prior  to  admission,  he  lost  about 
45  pounds  in  weight. 

This  was  associated  with  some  anorexia  which,  however,  did  not  appear  to 
explain  the  total  weight  loss.  About  six  weeks  prior  to  admission,  he  liegan  to 
complain  of  constant  abdominal  pain  which  was  not  relieved  by  anything  he 
could  do.  Apparently  shortly  before  admission,  he  began  to  cough  but  this  was 
not  a  prominent  feature  and  it  was  productive  of  only  a  small  amount  of  white 
mucus. 

His  bowel  movements,  surprisingly,  in  view  of  the  fact  that  there  is  con- 
siderable disease  in  the  intestinal  tract,  were  always  normal  and  had  not  changed 
in  the  period  prior  to  admission. 

He  was  a  desperately  ill  male,  dehydrated,  emaciated,  acutely  and  chronically 
ill.  His  temperature  was  100.5°  F.  There  were  some  rales  heard  over  the  right 
upper  lobe  which  disappeared  after  coughing.  The  most  prominent  physical 
findings,  however,  were  in  the  abdomen. 

The  abdomen  was  scaphoid,  and  this  is  of  interest  Ijecause  there  was  e\  idence 
on  the  simple  film  of  the  abdomen  of  considerable  distention  of  small  bowel. 
The  abdomen  was  tender  to  very  light  touch  in  the  umbilical  region  and  light 
upper  quadrant  and  in  the  right  lower  quadrant  a  mass  was  palpated. 

He  had  a  moderate  anemia  but  no  leukocytosis,  although  there  was  some  shift 
to  the  left.  The  sedimentation  rate  was  only  10  mm./hr.  Blood  urea  nitrogen, 
glucose  and  electrolytes  were  well  within  normal  limits.  Albumin  was  somewhat 
low,  the  A/G  ratio  approaching  one. 
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At  this  point  1  would  like  to  call  on  Dr.  Rchaffner  for  a  little  help  in  inter- 
preting some  of  the  laboratory  results  with  lather  specific  (luestions  as  to  whether 
any  information  is  presented  which  permits  a  differential  diagnosis  between  a 
neoplastic  and  an  inflammatory  process,  for  example,  whether  there  is  any  evi- 
dence of  tumor  metastases  to  the  liver. 

*Dr.  Fenton  Schaffner*:  In  some  instances,  laboratory  tests  are  a  clue  to  the 
diagnosis.  In  others,  they  only  confirm  what  is  ol)\  ious  clinically.  The  latter  was 
the  case  here.  We  can  see  evidence  of  emaciation  in  the  low  serum  albumin  and 
the  low  cholesterol,  reflecting  the  three  months  of  semistarvation.  Further,  we 
have  been  told  that  the  man  was  sick.  This  is  also  suggested  by  the  serum  muco- 
protein  elevation.  This  patient  had  some  inflammatory  disease  or  neoplastic 
disease  occurring  elsewhere  but  in  the  liver.  No  evidence  of  metastatic  tumor  or 
involvement  of  the  liver  in  the  inflammatory  process  was  present. 

Dr.  Wolf:  This  is  somewhat  helpful  because,  on  examination  of  the  abdomen, 
and  also  clinically,  his  liver  was  not  apparently  enlarged. 

That  the  stool  guaiac  was  negative  is  not  very  helpful.  A  tuberculin  test  was 
positive  but  sputum  smears  and  gastric  smears  were  negative  for  tubercle  bacilli. 

I  do  not  have  a\'ailable  the  conventional  chest  film.  But  as  the  history  stated, 
there  were  infiltrations  not  only  on  the  right  side  but  another  infiltration  on  the 
left  side  in  the  infraclavicular  region. 

The  sectional  radiographs  or  tomographs  of  the  chest  showed  \'ery  extensive 
disease  which  aj^parently  involved  the  right  upper  lobe  and  possibly  also  the  right 
middle  lobe  (Fig.  1).  This  consisted  of  infiltrations  of  a  linear  character,  for  the 
most  part,  but  also  of  areas  where  the  consolidation  or  the  infiltrations  appeared 
to  be  conglomerate.  In  addition,  particularly  in  the  right  upper  lobe,  there  were 
several  lucent  areas,  none  of  which,  however,  appeared  to  have  a  complete  ring 
and  were  not  visualized  as  a  single  tuberculous  cavity.  These  irregular  lucencies 
were  the  kind  seen  in  old  fibrotic  healed  tuberculosis.  On  the  other  hand,  some 
of  the  infiltrations  looked  somewhat  soft  and  the  possibility,  certainly  roentgeno- 
logically,  existed  that  there  may  still  have  been  active  disease  or  caseation  in 
several  foci. 

There  was  calcification  in  the  pleura  at  the  base  of  the  right  lung  but  no  evi- 
dence of  primary  infection  or  Ghon  tubercle.  In  the  abdomen  on  the  left  side  of 
the  spine  rathei'  low,  a  calcified  node  was  evident. 

A  supine  film  of  the  abdomen  taken  shortly  after  admission  showed  that 
multiple  loops  of  small  bowel  in  the  mid-abdomen  and  extending  into  the  pelvis 
were  considerably  dilated,  giving  the  appearance  of  a  mechanical  intestinal  ol> 
struction.  On  closer  inspection,  however,  it  was  evident  that  there  was  gas  in  the 
colon,  particularly  the  transverse  colon,  so  it  certainly  could  not  be  a  complete 
intestinal  obstruction.  The  gray  stripe  between  the  dilated  loops  of  small  bowel 
was  unusually  wide.  This  can  result  only  from  two  things,  either  considerable 
thickening  of  the  bowel  w-all  or  peritoneal  exudate  intervening  between  these 
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Fig.  1.  Tomograpli  of  right  upijor  lung  field  showing  nuiltiple  nidiolucencies. 

loops  of  small  bowel.  It  is  of  significance  since  our  prol^lem  is  one  of  a  differential 
diagnosis  between  carcinomatosis,  and  tuberculosis  of  the  bowel  and  peritoneal 
cavity.  This  finding  was  somewhat  in  favor  of  tuberculous  peritonitis  in  contrast 
to  carcinomatosis  since  in  carcinomatosis  we  usually  see  a  consideral)le  amovuit 
of  ascites.  This  has  a  somewhat  different  appearance,  i.e.  a  small  amount  of 
exudate  between  individual  loops.  In  the  right  lower  ({uadrant,  peculiar  air  and 
soft  tissue  shadows  were  seen,  confirming  the  clinical  suspicion  that  something 
special  was  going  on  in  the  right  lower  quadrant. 

Prior  to  the  barium  meal  examination,  a  barium  enema  examination  was  done. 
This  was  apparently  not  a  happy  one.  The  patient  was  (luite  uncomfortable,  had 
difficulty  retaining  the  barium  and  was  particularly  uncomfortable  when  the 
barium  reached  the  right  side  of  the  colon. 

There  was  evidence  of  some  obstruction  in  the  ascending  colon  to  the  retro- 
grade flow  of  barium,  but  some  did  go  by  and  outlined  a  very  irregular  lumen. 

The  barium  meal  examination  showed  some  very  remarkable  features.  It  con- 
firmed the  fact  that  the  proximal  loops  of  bowel  were  considerably  dilated,  but 
there  was  no  unusual  delay  in  the  transit  of  barium  through  these  loops.  As  a 
matter  of  fact,  the  barium  in  approaching  the  terminal  ileum  filled  this  channel 
without  any  delay. 

The  terminal  ileum  .showed  marked  rigidity,  multiple  indentations  with  no 
.sharp  demai'cation  proximally  and  almost  complete  obhteration  of  the  ileocecal 
valve  distally  (Fig.  2).  An  amorphous  collection  of  barium  with  a  bizarre  stellate 
configuration  was  noted  in  the  caput  coli.  This  suggested  the  "destroyed  mucosa" 
that  we  associate  with  malignant  infiltration.  At  any  rate,  the  homogenous  ap- 
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Fi(i.  2.  X  ray  of  harium-oiitlined  terminal  ileum  and  cecum  with  deformity  of  caput 
coli,  straightening  and  narrowing  of  terminal  ileum,  and  irregular  distension  and  mucosal 
destruction  of  more  proximal  area. 

pearance  of  the  barium  was  evidence  of  ulceration  in  the  caput  coH  extending 
for  a  short  distance  into  the  ascending  colon. 

The  terminal  ileum  appeared  to  be  rigidly  fixed.  This  is  usually  associated  with 
malignant  infiltration  or  an  inflammatory  process  such  as  granulomatous  ileo- 
colitis or  tubercuhjsis.  In  ileocolitis,  spasm  is  usually  present  with  change  in 
caliber  in  successive  films.  This  ileum  never  changed  in  configuration.  Certain 
features  are  against  or  at  least  make  us  tmcomfortable  in  making  the  diagnosis 
of  carcinomatosis,  and  one  is  the  configuration  of  the  terminal  ileiun.  Ordinarily 
with  a  carcinoma  in  this  area,  there  is  such  severe  rigidity  that  the  bowel  is 
straightened  at  the  site  of  the  timior.  This  unfortunately  is  not  conclusive  be- 
cause if  there  is  much  extrinsic  growth  of  a  tumor,  often  with  a  perforation,  the 
appearance  of  a  so-called  bent  carcinoma  can  be  produced. 

It  is  not  common  for  a  carcinoma  of  this  area  to  involve  both  a  considerable 
portion  of  the  ilevun  and  a  considerable  portion  of  the  colon.  I  say  it  is  not 
connnon,  but  unfortunately  this  afternoon  a  case  was  resected  that  showed, 
apparently,  a  carcinoma  in  this  area  with  considerable  involvement  of  the  iletnn. 
This  does  happen,  here  perhaps  two  or  three  times  a  year.  The  possibility  that 
this  was  lymphosarcoma  certainly  must  be  considered  because  lymphosarcoma 
in  the  termintd  ileum  is  more  common  than  carcinoma,  but  this  lesion  does  not 
have  the  appearance  of  lymphosarcoma.  Lymphosarcoma  has  two  classical  forms, 
a  pseudopolypoid  or  nodular  one,  and  the  other  is  aneurysmal  with  marked 
dilatation  at  the  site  of  the  tumor.  If  this  wei'e  a  ttmior,  it  would  have  had  to  be 
a  carcinoma. 
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The  sci^mciit  of  ilciuu  iiunicdi.'itcly  pioxininl  lo  llic  tcrmiiKil  ileum  also  showed 
sevcM'al  interesting  features.  The  mucosal  ])atlerii  appeared  to  he  iiitacl.  We  saw 
a  sliort  segment  of  narrowing  and  then  an  area  where  the  folds  again  appealed 
to  be  intact,  although  thickened.  One  short  segment  was  aiigulated  and  narrowed 
with  a  normal  nnicosal  i)atteiii,  and  another  segment  started  with  a  conxoluted 
outpouching. 

Tlie  next  segment  had  a  peculiar  hammock-like  configuration.  The  antiinesen- 
t(M'ic  side  seemed  to  bulge,  while  the  mesenteric  side  was  considerably  fore- 
shortened, and  the  fold  pattern  appeared  to  radiate  toward  the  shortened 
mesenteric  side  of  this  particulai'  loop  of  the  small  bowel.  The  impression  was, 
again,  that  there  probably  was  a  mass  in  the  mesentery  and  that  it  involved  the 
adjacent  portion  of  the  small  bowel,  but  the  mucosal  pattern  was  intact. 

In  fa^'or  of  an  inflammatory  process  was  the  fact  that  this  segment  appeared 
to  be  contracted  or  retracted  as  if  by  a  fibrotic  inflammatory  process  rather  than  a 
mass. 

As  we  progressed  further  in  retrograde  fashion  into  the  ileum,  we  saw  a  so- 
called  skip  lesion,  a  lesion  which  seemed  to  be  discrete  and  had  a  minimal  lack 
of  distensibility  and  a  somewhat  nodular  profile.  As  a  matter  of  fact,  these 
nodules  could  also  be  seen  in  the  barium  column  at  a  lower  level.  This  may  be 
the  most  important  lesion  from  a  diagnostic  point  of  ^'iew  since  presumably  it 
represents  the  earliest  stage.  This  lesion  did  not  seem  to  be  associated  with  any 
mass  in  or  outside  the  bowel  and  it  looked  like  an  ulcerati\'e  process  associated 
with  multiple  small  nodularities  of  rather  localized  character,  in  fact,  a  discrete 
lesion  very  characteristic  of  tuberculosis  starting  in  a  Peyer's  patch. 

These,  then,  were  the  roentgenological  findings  in  this  particular  patient. 
Without  going  over  them  in  detail  or  attempting  to  summarize  them,  the  features 
are  most  consistent  with  tuberculosis  which  imoh-ed  the  ileum,  the  colon,  the 
peritoneum  and  the  lungs. 

Dr.  Burrill  B.  Crohn*:  There  are  several  features  about  this  case  which  are 
inconsistent  with  the  facts.  The  first  impression  is  one  of  in\'olvement  of  the 
small  intestine  and  the  ascending  colon  which  suggests  an  inflammatoiy  lesion 
of  a  combined  ileocolitis,  a  rather  common  disease.  On  the  other  hand,  this  is  not 
consistent  with  the  pulmonary  findings. 

Also,  the  ileitis  that  accompanies  a  combined  ileocolitis  does  n(jt  usually  show 
a  skip-lesion  above.  It  could  give  the  symptoms  of  the  mass  and  of  the  intes- 
tinal obstruction,  but  this  is  a  very  marked  and  unusual  deforming  lesion  for  a 
simple  benign  inflammatory  ileocolitis. 

W^ith  the  pulmonary  lesion  and  the  involvement  of  the  terminal  ileum  and 
cecum,  all  the  data  are  at  hand  for  a  diagnosis  of  hypertrophic  ileocecal  tul)ercu- 
losis.  We  do  not  encounter  hypertrophic  ileocecal  tuberculosis  very  often  because 
we  are  not  a  tuberculosis  institution  and  because  this  intestinal  manifestation  is 
the  end  stage  of  a  phthisis.  It  occurs  only  in  cases  with  open  cavitation  in  the 
lungs. 
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Dr.  Wolf,  (lid  you  say  th(>iv  was  an  open  lesion  in  the  lung? 

Dr.  Wolf:  We  did  not  see  a  cavity,  Dr.  C'l'ohn,  tnit  most  people  who  looked  at 
this  suspected  there  might  he  activity. 

Dr.  Crohn:  Tubercle  bacilli  were  looked  lor  in  the  sputum  and  not  found. 
Hypertrophic  ileocecal  tuberculosis,  which  is  a  very  rare  disease  in  this  institu- 
tion, would  be  a  consistent  diagnosis  with  a  lung  lesion,  but  in  those  cases, 
tubercle  bacilli  should  have  l)een  fcnnid  either  in  the  sputum  or  gastric  contents. 

What  do  we  always  take  into  consideration  in  the  differential  diagnosis  of  a 
right  lower  (juadrant  lesion?  We  have  a  regular  list  of  diseases  we  look  for.  I 
have  been  fooled  by  Hodgkin's  disease  in  the  ileum,  but  without  involvement  of 
the  cecum.  Hodgkin's  disease  here  is  rather  rare. 

Lymphosarcoma  is  not  unusual  in  this  region,  and  sometimes  the  diagnosis 
is  unclear  until  an  inguinal  node  appears.  Lymphosarcoma  and  Hodgkin's  disease 
are  the  two  diseases  which  most  commonly  have  to  be  taken  into  consideration 
in  differential  diagnosis. 

Endometriosis  is  another  disease  which  can  give  inflammation  in  this  region, 
but  this  patient,  being  a  male,  rules  that  out. 

Sarcoidosis  in  the  small  intestine  is  rather  unusual,  but  cases  have  been  de- 
scribed, and  it  enters  into  the  differential  diagnosis,  particularly  with  a  pulmo- 
nary lesion.  I  am  not  a  radiologist  but  I  think  Dr.  Wolf  would  agree  with  me 
that  this  is  not  the  pulmonary  lesion  of  sarcoid. 

Dr.  Wolf:  I  assumed  that  most  of  the  left  Ivnig  was  free  of  disease.  Dr.  Crohn. 
This  would  be  very  unusual  for  sarcoid.  Also,  the  hilum  and  mediastinum  are  not 
involved. 

Dr.  Crohn:  That  leaves  only  one  final  consideration  I  can  think  of;  namely,  a 
carcinoid  lesion  involving  the  terminal  ileum  or  appendix  and  the  ascending 
colon.  Since  we  now  know  that  carcinoid  is  no  longer  a  benign  disease  and  does 
go  on  to  malignant  phases  and  does  give  multiple  metastasis,  one  must  think  of 
the  bare  possibility  that  this  might  be  a  carcinoid  of  the  small  intestine  with 
involvement  of  the  cecum  and  distant  metastases  in  the  lung. 

Ileitis  cases  do  not  usually  die.  Patients  with  lymphosarcoma  and  Hodgkin's 
disease  do  die  and  of  course  hypertrophic  ileocecal  tul^erculosis  is  an  end  stage. 

Dr.  Hans  Popper*:  Thank  you  very  much,  Dr.  Crohn.  We  will  now  present  the 
pathologic  findings. 

The  heart  was  of  normal  size,  weighing  275  grams,  and  except  for  a  moderate 
degree  of  anemia,  no  signiflcant  changes  could  be  seen  in  the  myocardium  or  the 
pericardium.  On  high  power  microscopic  examination  of  the  myocardium,  pig- 
mentation was  noted  around  the  nuclei.  This  was  lipofuscin  pigment,  confirming 
the  gross  impression  of  brown  atrophy  of  the  heart. 

In  the  right  lung,  in  which  most  of  the  lesions  were  fovmd  radiologically,  we 
saw,  in  confirmation  of  the  x-ray  findings,  lesions  involving  primarily  the  upper 
lobe  and  extending  into  the  lower  lobe.  The  lesions  were  of  somewhat  variegated 
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appearance  with  filirosis  as  well  as  with  a  gi'ay-white  discoloi'at  ion  and  some 
cavity  formation.  In  the  extensive  scar  tissue  in  the  lung,  we  saw  relatively  small 
cavities,  in  which  debris  was  surrounded  by  the  scar  tissue,  the  v(!ssels,  and 
somewhat  contracted  wall  of  the  cavities.  These  were  older  pulmonary  scar 
tissues  with  bronchogenic  cavities  in  the  walls  of  which  was  caseation.  Away 
fiom  these  many  large  caseated  foci  were  present  with  daughter  tubercles  around 
them,  repi'esenting  lymphogenous  spread  into  the  surrounding  tissue.  We  had  to 
assume  that  activation  of  old  fibrotic  scar  tissue  took  place.  Smears  performed  at 
the  autopsy  showed  these  areas  to  be  full  of  tubercle  bacilli.  This  was,  therefore, 
tui)ercuIosis,  with  old  scarring,  activation  of,  apparently,  an  old  bronchogenic 
ca\'ity,  and  lymphogenous  spread.  These  were  already  older  lesions  because  we 
saw  in  an  artery  an  old  reactive  end-arteritis.  But  from  the  bronchogenic  cavity, 
apparently  more  recently,  a  spread  had  taken  place  into  smaller  bronchi  by 
aspiration  (Fig.  3).  This  bronchial  tuberculosis  was  a  channel-like  spread  with 
tle\'elopment  of  large  distant  foci.  Apparently  multiple  such  foci  aggregated  in 
\arious  areas  especially  in  the  base  of  the  right  upper  lobe;  a  process  we  call 
acinose-nodose  dissemination  (Fig.  4).  In  addition,  fresh  caseous  pneumonia  was 
seen  and  part  of  this  lesion  was  from  fresh  lymphogenous  dissemination.  Some 
areas  did  not  fit  this  description  in  that  in  the  interstitial  spaces  of  the  lung  a 
conglomeration  of  tuberculous  lesions  was  present.  Also  in  the  left  lung,  we  saw 
some  scarring  plus  recent  small  foci  of  conglomerate  tuberculosis.  This  was  a 
more  recent,  apparently  hematogenous,  miliary  spread  of  tuberculous  lesion.  We 


Fi<i.  3.  Fig.  4. 


Fig.  .3.  Bronchial  and  pcril)ron{'hial  caseous  tuberculosis.  (Triclirome  X  ('3). 
Fig.  4.  Acinose-nodose  focus  ot  tuberculosis  near  scarred  and  obliterated  interlobar  fis- 
sure. (Mallory  aniline  blue  X  4). 
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tried  to  idcMitit'y  the  orij^iiKil  lesion  (the  priiiuiiT  complex)  hut  were  uiuil)le  to  do 
so.  Therefore  what  we  had  before  us  was  the  stage  of  i'eacti\'ation  and  appai'ently 
recent  hematogenous  dissemination. 

In  keeping  with  that,  many  slightly  enlarged  lymph  nodes  were  found  full  of 
little  tuberculous  foci  with  beginning  fiber  formation,  calcification  and  caseation. 
The  only  very  old  lesion  which  could  be  found  anywhere  was  in  one  mesenteric 
lymph  node. 

Turning  to  the  other  organs,  there  were  irregular  rings  of  the  mucosa  in  the 


Fig.  5.  Fi.xed  grows  specimen  of  ileocecal  region  showing  (lestruction  of  ileocecal  valve 


Fig.  6.  Fig.  7. 

Fig.  6.  Perforating  ulcerative  le.sioii  of  ileum  with  some  undermining  of  mucosa.  (Mal- 
lory  aniline  blue  X  4). 

Fig.  7.  Early  tuberculous  lesion  below  the  mucosa  of  the  ileum  l)ut  above  the  muscularis. 
(H  &  K  X  120). 
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epiglottis  as  well  as  in  the  hroiiclii.  Sonu'  small  ulccis  were  seen  hut  iicilhcr  lii- 
hcrcle  bacilli  nor  t  iilxTculous  granulation  tissue  was  present.  This  process  was 
healing,  with  some  sciuamous  metaplasia  of  th(>  (epithelium  developing  but  with- 
out any  evidence  of  a  tul)erculous  lesion. 

The  liver  was  of  normal  size  and  crowded  with  small,  appaiciitly  centrally 
caseated  foci.  The  foci  were  filled  with  central  giant  cells.  They  were  not  veiy 
recent  because  they  already  had  connective  tissue  rings  around  the  multiple, 
diffusely  spread  tubercles.  The  same  lipofuscin  pigment  as  in  the  heart  indicat(>d 
brown  atrophy  of  the  liver  as  a  result  of  a  reduced  metabolic  rate. 

The  spleen  was  full  of  tubercles  as  was  the  bone  marrow,  again  with  the  char- 
acteristic giant  cells.  The  kidney  on  the  fixed  gross  specimen  failed  to  reveal  any 
significant  abnormality  but  here  again  some  tubercles  were  present  micro- 
scopically. 

In  the  terminal  ileum  there  was  a  distinct  stenosis,  a  thickening  of  the  wall 
extending  from  the  terminal  ileum  through  the  destroyed  ileocecal  valve  into 
the  proximal  portion  of  the  cecum  (Fig.  5).  In  this  area,  the  mucosa  appeared 
destroyed.  It  was  ulcerated  and  small  projections  were  noted.  The  ileum  behind 
this  was  somewhat  dilated.  The  ulcerations  found  were  not  in  the  longitudinal 
axis  but  in  the  transverse  axis  and  appeared  as  long  slits.  In  some  areas  of  the 
ileum,  there  was  severe  irregular  thickening  of  the  mucosa.  In  others  the  mucosa 
was  normal  while  in  still  others,  in  addition  to  thickening  of  the  mucosa,  the 
muscularis  was  destroyed.  In  the  areas  of  mucosal  involvement,  considerable 
thickening  of  the  serosal  portion  was  also  present.  A  section  taken  through  the 
slit-like  area  proximal  to  the  steno.sis  showed  intact  but  hypertrophic  muscularis. 
A  deep  defect  was  seen  in  the  mucosa  with  destruction  of  the  mucosa  and  the 
muscularis,  and  a  breakthrough  into  the  mesentery  (Fig.  (5).  Here  there  was 
marked  cellular  infiltration,  thickening  and  edema  of  the  serosa.  The  lesion  was 
an  ulcer  with  virtually  no  attempt  at  re-epithelialization.  This  was  an  ulcerative 
form  of  what  appeared  to  be  a  ca.seating  lesion,  caseation  associated  with  the 
characteristic  Langhans  types  of  giant  cells.  In  acid-fast  stained  sections  of  this 
particular  area,  a  large  number  of  tubercle  bacilli  were  demonstrated.  This  was 
an  ulcerative  form  of  ileal  tuberculosis  with  multiple  little  ulcers  and  only 
relatively  little  attempt  of  hyperplasia. 

How  did  the  process  develop?  The  earliest  lesion  away  from  the  areas  of 
necrosis  showed  an  intact  mucosa  (Fig.  7).  Between  mucosa  and  muscularis 
mucosa,  possibly  where  a  lymph  follicle  once  was,  we  found  a  type  of  early 
tubercle  which  some  (1,  2)  have  considered  the  result  of  hematogenous  spread, 
but  which  the  majority  (3-5)  assumes  results  from  tubercle  bacilli  coming  from 
the  intestinal  lumen.  They  readily  pass  through  the  intact  muscularis,  setting  up 
fii'st  exudative  lesions  in  the  submucosal  layer,  expanding  from  this  mucosal 
layer  to  a  larger  focus  with  final  breakdown  of  the  area  and  breakthrough  to  the 
surface.  This  forms  the  characteristic  undermining  ulcer  with  relati\ely  little 
participation  of  the  mucosa  in  this  earlier  stage  ((i). 

There  was  hardly  any  regenerative  attempt  of  this  epithelium.  Then  severe 
caseation  followed  with  extension  to  the  serosa  (Fig.  8).  In  this  case  no  tulxM-cu- 
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Fig.  8.  Tubercles  on  the  tliickeiu'd  suljserosal  layer.  (Mallory  aniline  blue  X  63). 


Fig.  9.  Beginning  hyperplastic  tuberculosis  produced  by  tubereulou.s  infiltration  of  the 
mesentery  after  destruction  of  the  muscularis  and  mucosa.  (Mallory  aniline  blue  X  4). 

lou.s  peritonitis  wu.s  present  but  only  serosal  in\'olvement  over  the  affected  area. 
In  one  area  a  formidable  mass  was  formed,  the  same  mass  ^vhich  probably  had 
been  felt.  It  consisted  of  tuberculous  granulation  tissue,  partly  of  the  intestinal 
wall  and  to  a  greater  extent  of  the  peri-ileal  structures,  starting  to  produce  the 
hyperplastic  type  of  tuberculosis  with  little  fibrosis  (Fig.  9).  The  appendix  and 
peri-appendiceal  tissue  were  also  involved.  The  appendiceal  mucosa  was  de- 
stroyed and  all  of  us  have  seen  occasional  ca.ses  where  the  clinical  manifestations 
were  those  of  appendicitis  and  the  .surgeon  had  removed  the  lesion.  The  colon 
was  involved  to  the  same  degree  except  the  same  type  lesion  broke  through,  pro- 
ducing more  extensive  imdermining.  In  the  ileum  also,  we  foiuid  considerable 
vascular  involvement. 

One  type  of  vascular  involvement  was  endarteritis.  There  was,  in  addition, 
involvement  of  the  veins,  especially  the  subserosal  veins,  with  the  development 
of  the  classical  intima  tubercle  extending  into  the  wall  (Fig.  10).  In  some  areas  it 
destroyed  the  wall  which  accounted  for  the  extensive  miliary  spread. 

There  was  also  the  involvement  of  the  lymphatics.  It  is  not  I'emarkable  that 
the  bronchial  lymph  nodes  and  mesenteric  lymph  nodes  showed  severe  caseation 
with  the  recent  tuberculosis  and  with  also  somewhat  older  beginning  fibrosis. 
However,  the  oldest  tuberculosis  which  could  be  seen  anywhere  was  a  small  little 
nodule  in  the  mesentery  which  was  really  the  only  calcified  lesion  which  was 
found  in  the  entire  body  and  probably  long  antedated  the  recent  episode. 

In  summary,  the  patient  had  an  old  pulmonary  tuberculosis  and  apparently 
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Fk;.  10,  Tubercle  in  the  iiitima  of  a  vein.  (Mallorv  aniline  blue  X  03). 

very  early  dissemination  must  have  taken  place  by  the  hematogenous  route  to 
the  intestine  to  account  for  the  calcified  mesenteric  node.  I  do  not  think  that  the 
latter  represented  a  Ghon  tubercle,  the  primary  lesion,  as  would  have  been  pres- 
ent with  bovine  tuberculosis  (3).  These  are  so  rare  that  notwithstanding  the  fact 
that  we  could  not  find  a  primary  complex  in  the  lung,  I  still  think  this  was  a  sec- 
ondary lesion  (2,4).  Anyway,  there  was  a  fibrosing  pulmonary  tuberculosis  with 
bronchogenic  cavities.  From  there,  a  lymphogenous  spread  occurred  as  well  as 
spread  into  the  mediastinal  nodes.  Bronchogenic  spread  also  took  place  with 
caseous  pneumonia  and  acinose-nodose  dissemination.  Six  months  before  death, 
he  developed  a  cough  and  then  emaciation,  reflected  in  brown  atrophy  of  heart 
and  liver.  From  the  bronchogenic  spread,  laryngeal  tuberculosis  which  was 
healing  as  well  as  ileocecal  ulceration  with  beginning  hyperplasia  developed.  This 
probably  took  place  three  months  before  death.  The  patient  then  had  persistent 
abdominal  pain,  weight  loss,  anorexia,  vomiting,  right  lower  quadrant  pain  and 
a  low  total  protein.  The  disease  spread  to  the  lymphatics  and  to  the  venous 
intima  and  then  generalized  dissemination  followed  with  terminal  severe  fever. 

Dr.  Wolf:  Those  of  us  from  general  hospitals  are  so  unacquainted  with  tubercu- 
losis of  the  bowel  that  we  miss  this  diagnosis  regularly.  It  is  not  true  that  we  do 
not  see  tuberculosis  of  the  bowel,  particularly  of  the  ileocecal  region,  at  this 
hospital.  I  think  if  we  went  through  the  records,  we  would  find  we  have  had  two 
or  three  cases  each  year.  I  think  the  X-ray  Department  is  responsible  to  a  con- 
siderable extent  for  missing  these  cases.  I  should  like,  therefore,  to  suggest  that 
we  lean  over  backwards  and  think  of  this  diagnosis  because  rather  specific 
therapy  is  available. 
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Dr.  Croliii:  \on  should  really  (liflerentiate  primary  tuberculo.sis  and  secondary 
tuberculosis.  The  (luestion  of  primary  intestinal  tuberculosis  came  up  some  years 
ago.  Primary  intestinal  tuberculosis  occurs  practically  only  in  the  colon  as  far  as 
we  know;  we  reviewed  the  records  of  The  Mount  Sinai  Hospital,  and  in  the 
course  of  25  years  we  found  just  four  cases  of  primary  bovine-type  intestinal 
tuberculosis.  We  have  not  seen  much  secondary  hypertrophic  ileocecal  tubercu- 
losis in  this  hospital  but  we  have  seen  it  on  occasions. 

In  discussing  it  before,  I  seem  to  have  completely  overlooked  the  fact  that 
there  was  a  possibility  of  primary  cecal  carcinoma  in  this  case.  A  primary  car- 
cinoma of  the  ileum  involving  the  colon  or  carcinoma  of  the  colon  with  this  ap- 
pearance in  the  ileum  was  so  remote  that  I  gave  it  no  consideration.  Since 
sarcoidosis  and  other  conditions  were  mainly  ruled  out,  hypertrophic  ileocecal 
tulierculosis  was  the  most  logical  diagnosis. 

Final  (liagnosis:  Tuberculosis  of  terminal  ileum,  appendix,  ascending  colon  and 
lungs,  with  generalized  miliary  spread. 
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CASE  NO.  81 

This  was  the  first  adniissiou  of  an  If  year  old  male  cliild.  At  the  age  of  six 
weeks,  a  pyloromyotomy  (Rammstedt  operation)  was  performed  for  hypertrophic 
pyloric  stenosis.  However,  vomiting  persisted  after  this  procedure  and  a  posterior 
gastroenterostomy  was  performed  at  the  age  of  three  months.  At  the  age  of 
seven  years,  he  began  to  complain  of  intermittent  epigastric  pain  not  associated 
with  vomiting,  nausea  or  diarrhea.  A  barium  meal  (Figs.  lA,  IB)  examination 
three  years  prior  to  admission  showed  the  status  post-gastroenterostomy.  The 
anastomosis  was  located  high  on  the  greater  curvature  of  the  stomach  and  most 
of  the  barium  appeared  to  leave  the  stomach  through  the  anastomosis  although 
a  small  amount  did  outline  the  duodenal  bulb  and  descending  duodenum.  There 
was  no  evidence  of  marginal  ulceration  or  dilatation  of  either  the  afferent  or 


Case  81,  Fig.  lA.  Barium  meal  examination  shows  the  anastomosis  located  rather 
high  on  the  greater  curvature  aspect  of  the  stomach  (arrow  along  greater  curvature). 
Most  of  the  barium  left  the  stomach  through  the  gastrojejunal  stoma.  There  was  no 
evidence  of  ulceration  in  this  area.  There  is  limited  distensibility  of  the  antrum,  par- 
ticularly on  its  lesser  curvature  aspect  (right  arrow).  Rather  thick  longitudinal  folds  are 
seen  in  the  antrum. 
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Case  81,  Fig.  IB.  The  common  appearance  of  the  antrum  during  the  course  of  the 
examination  was  persistent  narrowing,  presumably  the  result  of  spasm.  The  bulb  is 
partially  filled.  No  ulceration  is  evident  in  the  antrum  or  the  bulb. 

efferent  loops.  However,  there  was  persistent  narrowing  of  the  antrum  which 
showed  limited  distensibility  particularly  on  its  lesser  curvature.  The  gastric 
fold  pattern  in  the  antrum  was  somewhat  thickened  but  maintained  a  normal 
longitudinal  appearance.  An  ulcer  crater  could  not  be  demonstrated  in  this  area. 
The  visualized  duodenal  bulb  appeared  to  be  small  but  not  remarkably  deformed. 
Emptying  time  of  the  stomach  did  not  appear  to  be  abnormal.  The  child  was 
treated  by  regulation  of  diet  and  antispasmodics  but  intermittent  epigastric 
pain  persisted.  Three  weeks  prior  to  admission,  he  vomited  a  large  amount  of 
bright  red  blood  followed  by  passage  of  black  stools.  Hemoglobin  fell  to  5  grams 
per  cent.  He  was  hospitalized  for  one  week  elsewhere  during  which  time  he  was 
transfused  and  bleeding  gradually  stopped.  A  barium  meal  examination  at  this 
time  showed  the  same  findings  as  seen  three  years  previously.  On  admission  to 
this  hospital,  the  child  appeared  to  be  well  developed  and  not  acutely  ill.  There 
were  no  pertinent  physical  findings.  Hemoglobin  was  10  grams  per  cent,  white 
blood  count  12,(i50  per  cu.  mm.  with  a  normal  differential.  Gastric  analysis 
showed  a  free  hydrochloric  acid  of  28  units  and  a  total  of  54  units.  The  gastric 
contents  showed  2  plus  guaiac  reaction. 

The  child  luiderwent  laparotomy.  There  were  numerous  adhesions  between 
the  distal  portion  of  the  stomach  and  the  edge  of  the  right  lobe  of  the  liver. 
On  external  palpation,  it  was  evident  that  there  was  rather  marked  thickening 
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of  the  wall  oi  the  stomach  in  the  rcj^ion  ul  the  i)yl()ni,s  and  the  adjacciil  poitioii 
of  the  antrum  hut  an  ulcer  crater  was  not  felt.  A  partial  gastrectomy  was  per- 
formed with  the  upper  level  of  resection  immediately  distal  to  the  gastrojejunal 
stoma.  The  mucosa  of  the  antrum  was  hemorrhagic  and  showed  several  erosions 
up  to  3  mm.  in  diameter.  Along  the  lesser  curvature  aspect,  about  to  2  cm. 
from  the  pylorus,  there  was  a  small  stellate  scar  about  6  mm.  in  diameter  which 
had  the  appearance  of  a  healed  chronic  erosion  of  the  stomach.  Microscopic 
examination  confirmed  muscular  hypertrophy  of  the  pylorus. 

This  patient  is  of  interest  because  of  the  fact  that  a  gastroenterostomy  was 
performed  so  early  in  life.  The  development  of  bleeding  presumably  the  result 
of  antral  erosions  appears  to  be  a  complication  of  this  type  of  operation  which 
may  occur  many  years  later.  The  original  operative  pi'ocedure  for  hypertrophic 
pyloric  stenosis  was  a  gastroenterostomy  but  this  has  been  long  abandoned. 

Final  Diagnosis:  Multiple  antr.\l  erosions  with  massive  bleeding  11 

YEARS  AFTER  GASTROENTEROSTOMY  FOR  HYPERTROPHIC  PYLORIC  STENOSIS  OF 
THE  NEWBORN. 
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Case  82,  Fig.  lA.  Barium  meal  shows  the  patulous  gastro-jejunal  stoma  (arrow  on 
greater  curvature)  through  which  the  barium  passed  promptly.  Little  barium  left  the 
stomach  through  the  pylorus.  No  evidence  of  marginal  ulceration  is  present.  The  folds 
in  the  fundus  are  thickened.  The  distal  portion  of  the  stomach  (arrow)  beyond  the  stoma 
is  markedly  narrowed  with  normal  appearing  longitudinal  rugae.  The  bulb  is  not 
deformed. 
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CASE  NO.  82 

A  75  year  old  white  female  was  admitted  with  the  chief  eomplaint!^  of  dizziness, 
weakness  and  nausea  of  three  months  duration.  Twenty-six  years  previously, 
because  of  a  peptic  ulcer,  a  gastroenterostomy  had  been  performed  elesewhere. 
Six  years  after  this  operation,  an  incisional  hernia  required  repair.  One  year 
prior  to  admission,  the  patient  was  admitted  to  the  Orthopedic  Ser\-ice  for 
treatment  of  a  bursitis  and  a  hemoglobin  of  8.8  grams  per  cent  was  discovered 
at  that  time.  For  three  months  prior  to  admission,  in  addition  to  w-eakness,  she 
complained  of  sour  eructations  and  occasional  mid-epigastric  burning  pain  not 
related  to  food  and  relieved  only  sHghtly  by  alkalis.  Appetite  was  good  and 
bowels  moved  regularly.  There  was  a  weight  loss  of  about  five  pounds,  apparently 
of  recent  origin.  Examination  on  admission  showed  an  elderly  female  appearing 
chronically  ill.  Blood  pressure  was  170/  100.  The  heart  did  not  appear  to  be 
enlarged.  The  abdomen  was  obese,  and  non-tender,  with  a  low  midline  abdominal 
scar.  Hemoglobin  was  7.5  grams  per  cent,  red  blood  count  119  million  per  cu. 
mm.,  hematocrit  29  per  cent.  Serum  iron  was  9(3  micrograms  per  cent.  White 
count  was  6,100  per  cu.  mm.  with  a  noi'mal  differential  count.  Stool  guaiac 
showed  a  trace  on  one  occasion  but  was  negative  on  five  sul)se(iuent  examinations. 
Gastric  analysis  showed  no  free  acid.  Barium  meal  examination  (Fig.  lA,  IB) 
showed  a  patulous  gastrojejunal  stoma  on  the  greater  curvature  aspect.  The 
fold  pattern  in  the  proximal  portion  of  the  stomach  was  thickened.  The  most 


Case  82,  Fig.  IB.  This  film  demonstrates  the  maximum  degree  of  distensibility  of  the 
antrum  (arrow)  achieved  during  the  examination. 
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striking  Icaturc  was  a  inaikcd  lack  of  dislciisihilit y  of  the  i)oitioii  of  tiic  sloniach 
Ix'giuning  a  short  distance  distal  to  the  anastomosis.  Barium  also  outlined  the 
duotlenal  bulb  and  a  part  of  the  duodenal  sweep  which  did  not  appear  to  be 
remarkable.  The  impression  of  the  roentgenologist  was  that  the  findings  were 
most  likely  due  to  a  scirrhous  carcinoma  of  the  distal  portion  of  the  stomach. 

Exploratory  laporotomy  was  performed.  On  examining  the  stomach,  it  was 
evident  that  the  antrum  was  markedly  narrowed  but  pliable  and  that  no  discrete 
mass  was  palpable.  No  abnormality  was  noted  in  the  region  of  the  gastroenteric 
stoma.  The  entire  small  bowel  and  the  colon  were  examined  carefully  and  showed 
no  evidence  of  an  intrinsic  lesion.  A  gastrotomy  was  then  done.  The  inner  aspect 
of  the  stoma  was  normal  as  was  the  first  inch  of  jejunum.  The  mucosa  of  the 
stomach  appeared  to  be  normal.  The  index  finger  could  barely  be  in.serted  into 
the  antral  portion  of  the  stomach  but  no  mass  or  ulceration  was  palpable.  A 
biopsy  of  the  gastric  mucosa  was  taken  and,  incidentally,  a  small  neurofibroma 
about  5  mm.  in  diameter  enucleated  from  the  anterior  wall  of  the  stomach. 
The  pathological  report  of  the  biopsy  of  the  stomach  was  "severe  acute  and 
chronic  gastritis  with  cystic  dilatation  of  the  glands". 

The  patient  did  well  post-operatively  but  has  continued  to  complain  of  a 
\ariety  of  upper  abdominal  symptoms.  Re-examination  two  years  after  the 
exploratory  laparotomy  again  showed  marked  narrowing  of  the  antrum.  In 
general,  however,  the  patient  has  not  deteriorated  or  shown  evidence  of  malignant 
disease. 

Final  Diagnosis:  Contracted  axtjium  26  years  post-gastroenterostomy 

SIMULATIN'G  SCIRRHOUS  CARCIXOMA. 

CASE  XO.  83 

This  was  the  first  admission  of  a  39  year  old  male  who  began  to  complain 
six  months  prior  to  admission  of  right  lower  (luadrant  pain  and  over  this  period 
of  time  lost  15  pounds  in  weight.  For  three  weeks  before  admission,  he  noted  the 
presence  of  tarry  stools  associated  with  some  increase  in  the  severity  of  the  right 
lower  quadrant  pain.  For  about  three  weeks,  he  had  been  constipated  but,  five 
days  prior  to  admission,  he  began  to  have  loose  watery  bowel  movements  which 
appeared  to  be  black.  Shortly  prior  to  admission,  he  began  to  vomit.  The  past 
history  was  not  contributory  except  for  an  appendectomy  done  at  an  unknown 
time  previously. 

Physical  examination  on  admission  showed  a  tender  mass  about  the  size  of  a 
tangerine  on  the  right  side  at  the  level  of  the  uml:)ilicus.  It  appeared  to  be  soft 
and  i-ound  and  easily  mo\-able.  The  borders  of  this  mass  were  easily  defined  by 
palpation. 

Hemoglobin  was  6  grams  per  cent,  wliite  blood  count  11,200  percu.  mm.  with 
a  noi'mal  differential  count.  Stools  showed  4+  guaiac  on  several  occasions.  With 
multiple  transfusions,  the  patient's  hemoglobin  was  elevated  to  12  grams  per  cent. 

Barium  enema  examination  showed  no  abnormality  in  the  colon  but  no  barium 
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Case  83,  Fig.  1.  The  terminal  ileum  shows  an  irregularly  multinodular  filling  defect 
sharply  demarcated  proximally  (medial  arrow)  where  the  appearance  suggests  over- 
hanging edges.  Distally  the  segment  immediately  proximal  to  the  ileocecal  valve  is 
markedly  narrowed  but  the  valve  itself  (upper  lateral  arrow)  appears  as  a  sharply 
demarcated  globular  filling  defect.  The  caput  coli  (lower  lateral  arrow)  is  small.  The 
loops  of  bowel  proximal  to  the  terminal  ileum  are  not  dilated  and  there  was  no  delay 
to  the  passage  of  barium  through  these  loops  or  through  the  terminal  ileum  into  the 
ascending  colon. 

entered  the  terminal  ileum.  Barium  meal  examination  with  serial  films  of  the 
small  bowel  demonstrated  a  markedly  irregular  terminal  ileum  over  a  distance 
of  about  three  inches  (Fig.  1).  The  caput  coli  appeared  to  be  quite  small  and 
irritable.  The  ileocecal  valve  was  prominent  and,  immediately  proximal  to  the 
ileocecal  valve,  the  mucosal  pattern  was  completely  absent  and  numerous  nodular 
intraluminal  projections  were  present.  The  proximal  margin  of  this  segment 
appeared  to  be  sharply  demarcated  with  overhanging  edges.  There  was  no  re- 
markable delay  to  the  pas.sage  of  the  barium  through  the  small  bowTl  at  this 
time  and  the  barium  passed  through  the  lesion  in  the  terminal  ileum  into  the 
ascending  colon  without  difficulty. 

Because  of  the  location  of  the  lesion  in  the  terminal  ileum  and  the  relative 
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Lick  of  ii;in()\viii<i;  associatcHl  with  an  ('xt('iisi\(>  neoplasm,  Ihc  diagnosis  of 
lymphosarcoma  of  the  terminal  ileum  was  made. 

The  patient  was  explored,  a  mass  found  in  the  ileocecal  region  and  an  ileocolec- 
toniy  performed.  The  specimen  consisted  of  a  segment  of  colon  ;54  cm.  in  length 
and  a  segment  of  ileum  of  approximately  the  same  length  with  attached  mesen- 
tery. One  centimeter  pi'oximal  to  the  ileocecal  valve  and  extending  proximally 
l  or  a  distance  of  5  cm.,  there  was  a  flat  ulcerated  mass  of  very  firm  grayish  white 
tissue  which  replaced  all  the  layers  of  the  intestinal  wall  and  extended  into  the 
surrounding  fat  tissue.  Two  very  large  firm  lymph  nodes  measuring  iip  to  2  cm. 
in  diameter  were  found  in  the  surrounding  fat.  The  mucosa  in  the  ileum  proximal 
to  the  lesion  was  not  remarkable.  The  strip  of  ileum  1  cm.  in  length  between 
the  distal  margin  of  the  tumor  and  the  ileocecal  valve  was  irregularly  but  super- 
licially  ulcerated.  The  ileocecal  vah'e  was  not  remarkable  and  the  colonic  mucosa 
was  smooth  and  free  of  abnormalities.  The  caput  coli  was  small  but  uninvolved. 
The  appendix  was  absent.  On  histological  examination,  the  tumor  turned  out 
to  be  an  infiltrating  adenocarcinoma  of  the  ileum.  The  ileocecal  valve  was  not 
involved.  There  were  three  involved  lymph  nodes  in  the  mesentery  of  the  ileum. 

A  carcinoma  of  the  terminal  ileum  is  a  rare  lesion.  In  the  experience  at  this 
hospital,  most  of  the  neoplasms  seen  in  this  area  have  been  in  the  lymphoma  or 
myosarcoma  groups. 

Final  Diagnosis:  Primary  adenocarcinoma  of  the  terminal  ileum. 

CASE  NO.  84 

This  was  a  39  year  old  male  who  was  originally  seen  W'ith  a  history  of  two 
days  of  right  lower  quadrant  pain,  fever  and  leucocytosis.  A  diagnosis  of  acute 
appendicitis  was  made  and  the  patient  was  explored.  On  exploration,  however, 
a  large  abscess  was  discovered  in  the  right  lower  quadrant  with  markedly 
adherent  loops  of  small  bowel  that  appeared  to  be  thickened.  The  surgeon  felt 
that  he  was  dealing  with  terminal  ileitis,  made  no  attempt  to  expose  the  appendix 
and  closed  without  intervention.  The  patient  thereafter  was  treated  conser- 
vatively with  antibiotics  and  supporti\x'  therapy  but  despite  this,  the  right 
lower  quadrant  mass  increased  in  size  and  the  patient  was  obviously  going 
downhill.  A  small  bowel  series  done  elsewhere  was  said  to  have  confirmed  the 
diagnosis  of  terminal  ileitis.  The  patient  developed  a  draining  sinus  in  the  anterior 
abdominal  wall  and  also  gross  hematuria.  Barium  meal  examination  (Fig.  1) 
including  small  bowel  series  was  then  repeated  and  demonstrated  a  large  mass 
in  the  ileocecal  region  with  central  excavation.  On  cystoscopy,  a  mass  was  noted 
in  the  bladder  which  was  biopsied.  This  was  reported  as  adenocarcinoma. 

The  patient  continued  to  bleed  profusely  from  the  bladder.  The  right  lower 
quadrant  mass  enlarged  progressively  and  he  died  approximately  eight  months 
after  the  onset  of  symptoms.  At  autopsy,  a  large  carcinoma  of  the  cecum  extend- 
ing into  the  terminal  ileum  was  present. 

]'"inal  Diagnosis:  Carcinoma  of  the  caput  coli  with  direct  extension 
into  the  terminal  ileum. 


l{Al)l()L()(;i('AL  NOTES 


Case  84,  Fig.  1.  Film  from  the  small  bowel  series  shows  a  large  moss  in  the  right 
lower  quadrant  involving  the  caput  coli  and  the  terminal  ileum.  The  right  border  of  this 
moss  (R,  arrow)  occupies  the  caput  and  is  sharply  demarcated  and  somewhat  lobulated. 
The  medial  or  left  margin  of  this  mass  (L,  arrow)  is  indicated  by  the  indentation  and 
compression  of  adjacent  small  bowel.  Within  the  center  of  this  mass  (lower  arrow), 
there  is  an  irregular  collection  of  barium  indicative  of  central  ulceration  and  excava- 
tion. Only  the  superior  margin  of  the  terminal  loop  of  ileum  (upper  3  arrows)  shows  a 
normal  fold  pattern.  Most  of  the  lumen  of  the  terminal  ileum  is  occupied  by  mass  which 
communicates  through  several  fistulous  communications  with  the  central  ulceration.  This 
appearance  may  be  mistaken  for  ileitis  if  it  is  assumed  that  the  large  ulceration  repre- 
sents the  lumen  of  the  ileum.  To  avoid  this  error,  it  is  necessary  to  realize  that  the  su- 
perior wall  of  the  terminal  ileum,  at  least  in  places,  is  intact  and  that  a  mass  defect  is 
present  which  involves  the  caput  coli  and  extends  into  the  ileum  from  below. 
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CASE  NO.  85 

This  was  the  first  iuhnissioii  of  an  ('i}j;lit  luoiitii  old  male  iiit'aiif.  Mij^hl  hours 
prioi-  to  admission,  the  foster  mother  of  the  child,  while  c;irrying  the  infant  in 
h(>r  arms,  accidently  fell  and  was  unconscious  for  an  unknown  period  of  time. 
Slie  awoke  to  find  the  child  crying  and  noted  apparently  for  the  first  time  a 
swelling  at  the  lower  end  of  the  left  humerus  of  the  infant.  At  birth,  the  child 
had  been  placed  in  a  Home  and  at  the  age  of  four  months  was  placed  in  a  foster 
liome.  The  child  was  backward  physically  and,  up  to  the  time  of  admission, 
had  not  sat,  cut  teeth  or  supported  himself  in  the  prone  position.  After  the 
discovery  of  the  swelling  by  the  foster  mother,  she  took  the  child  to  the  Emer- 
gency Room  and,  after  x-ray  examination,  the  child  was  admitted.  X-ray  ex- 
amination of  the  skeleton  (Figs.  lA,  IB,  IC)  showed  rather  remarkable  changes. 
Both  humeri  showed  multiple  layers  of  periosteal  thickening  extending  the  full 
length  of  the  shaft  with  markedly  irregular  bone  formation  and  calcification 
in  both  metaphyseal  regions  extending  into  the  soft  tissues.  The  cortices  of  the 
shafts  were  thickened.  There  were  also  epiphyseal  and  metaphyseal  plate  irregu- 
larities at  the  medial  ends  of  the  clavicles  and  acromion  processes  and  infractions 
at  the  medial  margins  of  the  metaphyseal  plates  of  the  distal  end  of  the  left 
femiu'  and  left  tibia. 


Case  85,  Fig.  lA.  Rigfit  humerus  shows  multilayered  periosteal  new  bone  formation 
along  the  shaft.  At  both  ends,  particularly  marked  proximally,  there  is  irregular  new 
bone  or  calcified  osteoid  extending  into  the  soft  tissues.  The  metaphyseal  plate  is  com- 
pletely disorganized  and  fragmented. 
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Case  85,  Fig.  IB.  Left  humerus  showing  similar  changes,  most  marked  distally.  The 
metaphyseal  ends  of  the  clavicle  and  acromion  are  also  severely  fragmented. 


Case  85,  Fig.  IC.  Left  leg.  Metaphyseal  infractions  (arrows)  through  the  medial 
ends  of  the  distal  femur  and  distal  tibia  are  evident.  These  represent  areas  of  minimal 
trauma  as  compared  with  the  upper  extremities. 
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Oil  admission,  the  significant  positive  lin(linfj;s  were  swelling  of  hotli  liiinicri 
most  marked  on  the  postoro-sup(M'ior  aspect  of  the  left  ell)o\v.  There  was  limita- 
tion of  motion  at  lioth  elbow  joints  particularly  of  extension  and  pain  in  full 
motion  of  the  shoulder  joints.  Temperature  and  vital  signs  were  within  normal 
limits.  The  patient  weighed  about  14  lbs.,  and  the  head  measured  17  inches  in 
circumference.  Neurological  examination  was  negative  and  the  child  appeared 
to  respond  normally  to  pinprick.  Hemoglobin  was  13  grams  per  cent,  red  blood 
count  4.2  million  per  cu.  mm.,  white  blood  count  7,100  per  cu.  mm.  with  93 
pcv  cent  lymphocytes.  Total  protein  was  G.4  grams  per  cent,  albumin  4.3  grams 
per  cent,  globulin  2.1  grams  per  cent,  blood  calcium  9.2  mgm.  per  cent,  phos- 
phorus 4.8  mgm.  per  cent,  alkaline  phosphatase  20  K-A  units  and  on  another 
occasion  (J  K-A  units.  Wasserman  test  was  negative. 

From  a  clinical  point  of  view,  luetic  periostitis,  CafTey's  syndrome,  hyper- 
vitaminosis  A,  trauma,  and  scur\-v  were  considered.  There  was  no  clinical  or 
laboratory  evidence  to  substantiate  any  specific  diagnosis.  Moreover,  the  x-ray 
findings  were  typical  of  the  syndrome  of  multiple  overlooked  fractures  and/or 
epiphyseal  dislocations  in  infants.  At  this  age,  the  periosteum  is  loosely  attached 
to  the  shaft  and  fractures  through  the  epiphyseal  cartilage  lead  to  massive 
subperiosteal  hemorrhage.  It  has  been  suggested  that  unusual  metaphyseal 
fragility  may  be  a  predisposing  factor  but  it  is  likely  that  the  changes  are  due  to 
neglect  after  a  varietj^  of  trauma.  The  child  was  treated  on  this  basis  with  rapid 
improvement.  Reexamination  six  months  after  discharge  (Figs.  2A,  2B)  con- 


Case  85,  Fig.  2A.  Right  humerus.  Re-examination  six  months  later  shows  reconstitu- 
tion  of  normal  epiphyseal-metaphyseal  relationships  and  disappearance  of  periosteal 
new  bone.  The  shaft  is  moderately  thickened. 

Case  85,  Fig.  2B.  Left  humerus  six  months  later  shows  similar  improvement. 
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finned  reniaikahlc  regression  witli  disappearance  of  periosteal  new  bone  and 
normal  appearances  at  the  ends  of  the  bones. 

I'^inal  Diagnosis:  AIt  ltiplk  neglected  infantile  fractures. 

CASE  NO.  80 

A  five  month  old  female  child  was  admitted  for  the  second  time  to  this  hospital 
because  of  persistent  jaundice  and  dark  nrine,  progressive  aixlominal  sweUing 


Case  86,  Fig.  1.  Examination  of  the  extremities  shows  irregularity  of  all  of  the  zones 
of  provisional  calcification  with  rather  diffuse  demineralization  of  both  shafts  and  the 
epiphyses. 

and  edema  of  the  lower  extremities.  Previous  admission  was  at  the  age  of  ten 
weeks  because  of  jaundice  said  to  have  been  present  since  birth  and  clay  colored 
stools.  On  the  first  admission,  the  possibility  of  biliary  atresia  was  considered 
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;m(l  exploi'atoiT  Inparotoiny  piniiiicd  iinlil  it  was  noted  tliat  tlic  hlodd  liilinihiii, 
both  direct  and  indirect,  fluctuated.  Despite  the  fact  that  t lie  clinical  determi- 
nations in  l)l()od,  urine  and  stool  seemed  to  indicate  ohst  ruci  i\c  Jaundice,  it  was 
felt  that  a  neonatal  hepatitis  was  moi'e  likely.  Physical  examination  on  this  ad- 
mission showed  an  icteric  infant  with  mai'kedly  distended  alxlomen  and  shiftinfj; 
dullness.  The  liver  edge  was  felt  three  lingers  below  the  costal  maigin.  The 
si)leen  was  felt  1)2  fingerbreadths  below  the  left  costal  margin.  There  was  sacral 
edema  extending  up  to  the  lower  thoracic  vertebrae  and  three  plus  pitting  edema 
up  to  the  knees.  Hemoglobin  was  7.8  grams  per  cent,  urine  showed  4-f  bilirubin, 
^^'asserman  test  was  negati^'e. 

The  child  was  treated  supportively,  including  paracentesis.  Extensive  work-up 
appeared  to  be  consistent  with  cirrhosis  of  the  li\'er.  Alkaline  phosphatase  was 
2.)  K-A  units,  calcium  9.8  mg.  per  cent,  phosphorus  2.2  mg.  per  cent.  The 
patient  went  downhill  despite  active  therapy  and  died  about  two  weeks  after 
admission.  Post  mortem  examination  confirmed  the  diagnosis  of  cirrhosis. 

Of  interest  from  the  roentgen  point  of  view  was  the  examination  of  the  bones 
(Fig.  1)  which  showed  changes  similar  to  those  seen  in  a  mild  degree  of  rickets. 
In  long  standing  jaundice  in  infants  whether  due  to  biliary  atresia  or,  as  in  this 
patient,  cirrhosis,  these  changes  are  common  presumably  resulting  fi'om  failure 
to  absorb  vitamin  D  and  other  nutritional  disturbances.  In  this  particular  child, 
the  evidence  of  ascites  on  the  examination  of  the  abdomen  plus  the  l)one  changes 
suggest  the  correct  diagnosis. 

Final  Diagnosis:  Rachitic  bone  changes  in  prolonged  infantile  jaundice. 

CASE  NO.  87 

A  :^4  year  old  woman  was  delivered  of  a  male  infant  after  induction  of  labor 
by  rupture  of  the  meml)ranes  at  the  38th  week.  Because  of  recurrence  of  hyper- 
thyroidism, the  patient  was  treated  with  propylthiouracil  during  the  last  four 
months  of  pregnancy.  The  original  dose  was  300  mgm.  a  day  which  was  di- 
minished to  250  mgm.  a  day  after  a  month.  Lugol  solution,  30  drops  a  day,  were 
also  given.  The  newborn  infant  had  palpable  thickening  in  the  region  of  the 
isthmus  of  the  thyroid  and  on  both  sides  of  the  neck  somewhat  more  marked  on 
the  left,  with  minimal  stridor  during  crying  episodes.  The  skin  of  the  face  and  the 
eyelids  appeared  to  be  somewhat  puffy. 

Roentgen  examination  of  the  neck  in  the  lateral  projection  (Fig.  lA)  showed 
widening  of  the  soft  tissues  around  the  trachea,  particularly  anteriorly,  where 
there  was  a  smooth  indentation  on  the  anterior  aspect  of  the  air  canal.  Exami- 
nation of  the  bones  showed  no  epiphyses  of  the  long  bones.  The  child  was  treated 
for  hypothyroidism  and  impro\-ed  rapidly. 

The  induction  of  hypothyroidism  in  the  fetus  as  a  result  of  administmtion  of 
antithyroid  drugs  to  the  mother  is  well  known  but  this  combination  of  circum- 
stances is  relatively  uncommon.  The  roentgen  findings  are  typical. 

Final  Diagnosis:  Congenital  goitre  due  to  administration  of  propyl- 
thiouracil DURING  pregnancy. 
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Case  87,  Fig.  IB.  No  evidence  of  epiphyseal  calcification  was  present  in  either  knee. 

GASTRIC  EMPTYING  IN  THE  TRENDELENBURG  POSITION 

Considerable  attention  has  been  paid  to  the  sphincteric  mechanism  which 
prevents  reflux  of  gastric  contents  into  the  esophagus  when  the  patient  assumes 
the  inverted  or  Trendelenburg  position.  A  large  amount  of  information  is  also 
available  on  motor  activity  of  the  stomach.  Under  ordinary  circumstances,  it  is 
accepted  that  peristaltic  activity  is  responsible  for  gastric  emptying.  It  is  not 
clear,  however,  how  peristaltic  activity  can  be  effective  if  the  individual  is 
maintained  in  the  inverted  position  since  the  gastric  air  bubble  rises  to  the 
pyloric  region  and  acts  as  an  air  trap.  On  a  clinical  basis,  however,  it  is  evident 
that  patients  maintained  in  the  Trendelenburg  position  over  a  considerable 
period  of  time,  e.g.  in  traction,  do  not  develop  remarkable  gastric  retention  or 
difficulty  in  maintaining  nutrition.  It  was  decided  to  illustrate  this  fact  by 
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Fig.  1.  Film  taken  30  minutes  after  administration  of  barium  with  patient  maintained 
in  the  Trendelenburg  position  shows  filling  of  small  bowel  and  colon.  However,  the 
barium  was  given  with  the  patient  erect. 


Fig.  2A.  Repeat  examination  the  next  day.  Barium  given  to  patient  after  he  assumed 
the  inverted  position.  Residual  barium  is  present  in  the  colon  but  all  the  barium  given  is 
in  the  distal  esophagus  and  fundus  of  the  stomach.  A  large  quantity  of  air  is  present 
in  the  body  and  the  antrum. 
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Fig.  2B.  One  hour  after  Fig.  2A  with  the  patient  still  in  Trendelenburg  position 
Re-examination  shows  practically  complete  emptying  of  the  stomach  which  is  moderately 
distended  with  air.  Most  of  the  barium  is  in  the  ileum  and  ascending  colon. 

roentgen  methods  by  administering  barium  to  a  patient  otiierwise  well  l)ut 
maintaining  him  in  a  markedly  Trendelenburg  position.  On  the  first  occasion, 
unfortunately,  the  barivmi  presumably  was  administered  with  the  patient  not  in 

I  Trendelenburg  position  although  he  assumed  this  position  immctliately  there- 
after. Therefore  the  fact  that  examination  of  the  abdomen  30  minutes  later  (Fig.  1) 

I  showed  extensive  filling  of  the  small  bowel  was  not  considered  to  be  unequiv- 
ocal evidence  of  emptying  with  the  patient  inverted.  The  experiment  was  then 
repeated  with  careful  administration  of  a  fluid  barium  mixture  to  the  patient 
after  he  was  placed  in  the  inverted  or  markedly  Trendelenburg  position  and  the 
patient  was  maintained  in  this  position  for  about  an  hour.  The  film  taken  im- 
mediately after  administration  of  the  barium  in  the  Trendelenburg  position 
showed  a  considerable  amount  of  air  in  the  distal  stomach  as  well  as  the  barium 
in  the  fundus  (Fig.  2A).  An  hour  later,  re-examination  of  the  patient  still  in  the 
same  position  showed  practically  complete  emptying  of  the  barium  from  the 
stomach  and  extensive  filling  of  the  small  bowel  loops  (Fig.  2B).  A  small  amount 
of  barium  had  entered  the  right  side  of  the  colon  as  well.  Further  observations 
will  be  recjuired  to  clarify  the  mechanism  of  gastric  emptying  under  these  con- 
ditions. 


Maniti  ^tat^  iilemorial  jpri?e 


The  Dr.  Daniel  Stats  Memorial  Committee  is  pleased  to  announce  the  first 
annual  award.  By  terms  of  the  Fund,  the  award  is  granted  to  a  member  of  the 
House  Staff  who  during  the  current  academic  year  has  published  or  has  ac- 
cepted for  publication,  the  most  meritorious  paper  on  a  subject  with  hemoto- 
logic  orientation.  Several  excellent  papers  were  submitted  for  consideration. 
The  Committee  unanimously  chose: 

"A  Study  of  Haptoglobin" 
by 

Dr.  Harvey  J.  Weiss 

Dr.  Weiss  received  his  A.B.  and  M.D.  degrees  from  Harvard  University. 
He  interned  at  Bellevue  Hospital  and  took  his  medical  residency  at  The  New 
York  Veterans  Hospital.  During  the  course  of  this  residency,  he  served  for 
three  months  as  a  Fellow  in  Hematology  at  The  Mount  Sinai  Hospital.  He  re- 
turned here  July  1,  1958  as  a  Research  Fellow  in  Hematology  and  on  July  1, 
1959  left  to  do  a  two  year  tour  of  duty  in  the  army.  Dr.  Weiss  plans  to  return  to 
the  New  York  area  where  he  will  practice  hematology  and  internal  medicine. 

It  is  the  hope  of  the  Committee  that  subseciuent  awards  will  eciual  the  high 
quality  of  this  year's  selection. 

Alan  F.  Guttmacher,  M.D.,  Chairman 
Alexander  B.  Guttman,  M.D. 
Lester  R.  Tuchman,  M.D. 
Louis  R.  Wasserman,  M.D. 
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BERNARD  SI  TRO  ( )IM'ENHEIMER 
187() -11)58 

Dr.  Bernard  Sutro  ( )pp('iilK'iiner  was  born  in  1870  and  died  June  10,  1958  at 
the  age  of  82  years.  He  received  his  baccalaureate  degree  from  Harvard 
College  in  1897,  and  his  medical  doctorate  in  1901  from  Columl)ia  University, 
College  of  Physicians  and  Surgeons  where  he  later  held  a  professorship. 

From  1901  \uitil  shortly  before  his  death,  when  physical  disability  made  an 
active  life  no  longer  possible,  he  was  a  devoted  laborer  in  the  vineyards  of  medi- 
cine. 

In  1901  he  was  a  candidate  for  an  internship  at  The  Mount  Sinai  Hospital, 
under  the  fiercely  competiti\'e  system  then  in  vogue.  In  that  year  among  those 
chosen  were  Ben  Oppenheimer,  Alfred  Fabian  Hess  and  Sigismund  Goldwater. 
Others  that  met  this  test  at  about  the  same  time  were  Emanuel  Libman,  Edwin 
Beer,  Israel  Strauss,  Charles  Elsberg,  Robert  T.  Frank,  Eli  Moschcowitz  and 
I.  C.  Rubin,  to  mention  but  a  few.  He  remained  on  the  house  staff  from  1901 
to  1904  and,  following  the  pattern  of  his  time,  went  to  Central  Europe  to  con- 
tinue his  post-graduate  studies.  He  developed  an  early  interest  in  cardiology  and 
the  infant  science  of  electrocardiography,  and  maintained  a  close  and  personal 
relationship  with  the  world  leaders  in  those  fields.  He  was  among  the  first  to 
use  the  electrocardiograph  as  a  clinical  instrument  in  this  country. 

In  1910  he  l)ecame  Cardiographer  to  The  Mount  Sinai  Hospital,  a  post  which 
he  held  until  1929  when  he  became  Attending  Physician,  after  having  served 
from  1921  to  1928  as  Associate  Attending  Physician.  He  remained  as  Attending 
Physician  to  the  First  Medical  Service  until  his  retirement  in  19;]9  when  he  was 
appointed  Consulting  Physician  to  the  Hospital,  a  worthy  follower  of  Janeway, 
Brill,  Libman  and  others. 

During  those  years  he  was  an  active  and  successful  practitioner  and  teacher. 

He  was  of  such  an  energetic  temperament  anil  his  interest  in  clinical  medicine 
was  so  great,  that  one  large  hospital  service  and  all  its  duties  could  not  satisfy 
his  needs.  He  became  Chief  of  the  Medical  Service  at  the  Montefiore  Hospital 
where  he  rendered  devoted  service. 

Every  house  physician  of  the  late  20's  and  30's  remembers  him  as  the  tall,  erect 
bearded  gentleman  who  made  rounds  from  3:00  to  0:00  p.m.  every  day,  in- 
cluding Saturdays,  and  then  personally  made  the  ward  consultations  on  the 
surgical  side.  They  did  not  know  that  he  had  already  done  a  full  day's  work  at 
his  office  and  had  usually  seen  a  patient  at  home;  in  consultation  before  he  had 
arrived  at  the  hosjjital.  He  attended  every  hospital  conference,  although  they 
were  not  as  numerous  as  at  pre.sent. 

To  most,  an  active  practice  and  two  major  liospitals  would  have  been  suffi- 

Delivered  at  a  nicinni  ial  incci  iiig  held  at  The  Mount  Sinai  Hospital  on  Xoveniher  17, 
1958. 
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ciciit,  bill  iKit  to  Hcii  <  )|)i)ciili('iinci-!  lie  worked  in  the  pliysiolof^y  hihoral orios 
at  Coluiuhia  University  with  Dr.  Williams  and  was  a  leadcir  in  tiie  educational 
program  at  the  New  York  Academy  ol'  Medicine  and  at  this  hospital.  It  is  in 
this  field  of  postgraxluate  medical  education  that  he  was  a  pioneer.  l<\)r  many 
years  he  was  chairman  of  the  Conuuittee  on  Medical  luiuc^aiion  of  The  .Mount 
Sinai  Hospital  during  which  period  the  educuitional  functions  of  the  hospital 
were  widely  expanded,  lie  icalized  that  the  physician  who  had  been  given  the 
opportunity  to  acciuire  special  knowledge  also  had  the  obligation  to  make  that 
knowledge  available  to  his  colleagues  who  were  less  favorably  situated.  Ben 
Oppenheimer  took  that  duty  seriously  and  fulfilled  it  magnificently. 

Many  of  his  summers  were  spent  in  Europe  where  he  visited  more  hospitals 
and  laboratories  than  museums.  These  medical  contacts  were  always  at  the 
disposal  of  younger  men,  many  of  whom  had  their  postgraduate  work  in  Europe 
made  pleasant  and  i)rofital)le  because  of  a  note  from  Dr.  Oppenheimer  to  a 
European  friend. 

Before  the  United  States  entered  World  War  I  Ben  ( )i)penheimer  went  to  the 
British  Heart  Station  at  Colcliester  and  with  Sir  Thomas  Lewis  and  Marcus  A. 
Rothschild  made  notable  contributions  to,  and  named,  the  syndrome  now  known 
as  neurocirculatory  asthenia.  He  later  joined  The  Medical  Corps  of  the  U.  S. 
Army,  reaching  the  rank  of  full  colonel  in  the  Medical  Reserve  Corps  after  the 
war. 

The  English  experience  was  not  entirely  professional.  It  was  there  that  he 
met  his  future  wife,  Enid,  who  was  teaching  physiology  in  London.  Dr.  Oppen- 
heimer was  the  most  fortunate  of  men,  having  l)een  blessed  with  a  devoted  and 
understanding  wife  who  added  her  own  talents  of  intellect  and  sympathy.  Their 
home  was  a  meeting  place  for  many  medical  greats,  both  native  and  foreign, 
where  yovmg  interns  were  often  asked  to  dinner  and  an  unforgetable  experience. 

In  1942,  on  the  occasion  of  the  celebration  of  his  retirement  from  the  Ward 
Service,  his  friends  and  colleagues  published  a  Festschrift  volume  of  over  850 
pages,  the  contributors  being  a  verital)le  who's  who  of  world  medicine.  One 
would  suspect  that  this  crowning  honor  would  have  left  Ben  Oppenheimer  in 
quiet  repose.  But  that  was  not  in  his  character.  He  had  made  the  fortuitous 
observation,  in  some  studies  on  experimental  hypertension  in  the  rat,  that  kid- 
neys wrapped  in  cellophane  gave  rise  to  malignant  sarcomas  in  the  peri-renal 
tissue.  This  observation  was  made  at  a  time  of  his  life  when  most  men  were 
looking  for  the  well-earned  ease  of  retirement.  To  him  it  was  a  new  challenge  and 
there  started  an  intensive  study  of  experimental  transplantable  sarcoma  in- 
duced by  foreign  bodies.  His  close  collaborator  in  this  work  was  his  wife,  Enid, 
and  they  were  both  honored  this  very  year  by  an  invitation  to  the  International 
Cancer  Congress  in  London  to  present  their  work.  Ben's  death  in  June  pre- 
vented his  personal  presence  in  London,  an  honor  to  which  he  had  looked  for- 
ward in  spite  of  his  physical  handicaps  at  the  time. 

On  the  occasion  of  his  80th  birthday,  his  friends  and  patients  established  the 
Bernard  Sutro  Oppenheimer  Lectureship  at  the  New  York  Academy  of  Med- 
icine, with  funds  sufhcient  to  invite  a  lecturer  of  international  distinction  each 
year. 
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This  was  no  physician  of  limited  scope  and  vision — trnc,  his  major  interest  was 
in  car(Uovascular  disease  hut  a  mere  hst  of  the  titles  of  some  of  his  pul)lications 
will  show  you  the  breadth  of  his  interest. 

The  Problems  Involved  in  a  Case  of  Typhoid  Fever  in  Pregnancy.  1910 

The  Pathological  Findings  in  the  Parathyroids  in  a  case  of  Infantile 
Tetany. 1911 

Ochronosis.  1922 

Syphilis  of  the  Stomach.  192G 

Lipemia  and  the  Keticulo-endothelial  Apparatus.  1925 
Hypertensive  Encephalopathy.  1927 

(Note:  This  was  the  first  description  of  this  syndrome.) 

Gaucher's  Splenomegaly.  1929 

Vascular  Occlusion  in  Polycythemia  Vera.  1929 

Transplantation  of  the  Adrenal  Cortex  for  Addison's  Disease.  1934 

Werner's  Syndrome.  Report  of  First  Xecrospy.  1941 

This,  in  part,  is  the  picture  of  the  man.  This  was  the  hospital  that  was  closest 
to  his  heart.  From  the  many  whom  he  trained,  loved  and  helped. 
Hail  and  farewell! 

Solomon  Silver,  M.D. 
for  the 
Editorial  Board 


3n  Jtlemoriam 


REUBEN  OTTlOXHMlKi 
1882-1  !)■)!) 

Rcuhcii  ( )t tciihci-j;-,  associated  with  Tlic  Mount  Sinai  Hospital  I'or  half  a 
century,  passed  away  in  Api-il  lO.V,)  alter  almost  a  decade  of  incapacitating  illness. 
His  was  a  remarkable  career  in  that  he  was  an  in\'estif;ator  of  the  first  rank, 
contributing  to  the  advancement  of  medicine  fundamental  discoveries  and  at 
the  same  time  practicing  medicine  as  a  "beloved  physician."  He  was  born  in 
New  York  City  in  1882,  received  his  B.A.  degree  from  Cohmibia  I'niversity  in 
1902  and  his  M.D.  degree  from  the  College  of  Physicians  antl  Surgeons  in  1905. 
He  interned  at  the  Lenox  Hill  Hospital  and  thereaftei'  did  research  work  at 
Columbia  University  with  Hans  Zinsser  and  at  the  laboratories  of  The  Mount 
Sinai  Hospital,  where  he  was  appointetl  Adjunct  Physician  in  1921  and  Associate 
Physician  in  1931,  a  position  he  held  foi'  fifteen  years.  He  was  Assistant  Professor 
of  Medicine  at  Columbia  University. 

Reuben  Ottenbeig  had  an  unusually  fine  character  and  an  exceptionally  orig- 
inal mind.  In  spite  of  this  he  was  a  very  modest  person,  so  much  so,  that  he  never 
W(mld  .see  newspaper  rc^porters  when  they  came  to  interview  him  about  his  woi'k. 
He  was  a  quiet,  kind,  sympathetic  person,  always  glad  to  talk  over  his  work 
with  other  physicians  and  research  workers,  but  always  doing  so  with  a  certain 
self-effacement. 

He  published  numeious  papers  on  a  wide  variety  of  clinical  subjects,  among 
them  Differential  blood  cultures  in  sinus  thrombosis;  The  rate  and  location  of 
removal  of  bacteria  from  the  blood  in  human  disea.se;  p]xplanation  for  the  cya- 
nosis in  sulfanilamide  therapy;  The  etiology  of  eclampsia:  historical  and  clinical 
notes;  and  many  papers  on  jaundice  and  diseases  of  the  liver.  However  his  main 
contribution  was  in  the  field  of  blooti  groups  and  transfusion  of  l)lo()d  where  he 
was  truly  a  pioneer. 

Not  until  September  1954,  more  than  forty  years  after  his  earliest  publication, 
did  he  receive  pul)lic  recognition  foi'  this  work  when  he  was  honored  by  receiving 
the  Karl  Landsteiner  award  of  the  American  Society  of  Blood  Banks  and  given 
an  illuminated  scroll  witli  the  following  inscription: 

"For  distinguished  pioiKcriug  c<i)dribidi<i>is  to  tylnitd  txiuldng  and  hi  mothrrdpij . 
In  1907  he  'perjormcd  the  first  lAood  transfusion  in  which  the  donor  was  s('l<ct(d 
l>!)  tests  for  cornpatihilitij .  In  1908  he  suggested  (together  with  A.  A.  Epstein)  that 
l)k)od  groups  were  inherited  according  to  Mendel's  law.  In  1911  he  estal>lished  the 
principle  that  hemoljjtic  transfusion  reactions  occurred  when  the  plasma  of  the 
recipient  contained  antil)odies  for  the  red  cells  of  th<  donor.  In  the  same  i/ear  he 
demonstrated  blood  groups  in  dogs.  Kverij  one  of  thxsv  ivere  milestones  in  the 
groivlh  of  our  knowledge  of  Ijlood  groups  and  formed  the  l)asis  for  the  sul)sequent 
development  of  Itlood  tran.sfusions." 

In  an  interesting  article  entitled  "Reminiscences  of  the  history  of  blood  trans- 
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I'lisiou"  (.lour.  Aldiiiil  Sinai  llosp.,  1:  "id  I,  l!)i!7),  ( )l  Iculicrfi;  I'cvcals  his  modesty 
ill  the  following  (luotalion:  "I  did  not  realize  that  I  had  lu'Cii  the  first  to  apply 
Laiidsteiiier's  disco\-er,\'  loi'  deteriiiiiiat  ion  of  coniijatihilit y  in  an  actual  t  raiis:- 
I'usion,  and  when,  in  I'.IOS,  1  published  an  article  on  the  aiteriai  anastomoses 
and  the  blood  transfusions,  1  merely  mentioned  that  such  tests  hud  been  done 
on  my  patients,  and  ventured  the  prophesy  that  they  would  be  important  for 
the  futinv  of  blood  transfusion.  It  took  about  five  years  of  campaigning,  experi- 
menting and  a  few  accidents  to  convince  the  medical  public  thai  blood  tests  l)e- 
foie  transfusion  were  essential." 

It  was  (juite  characteristic  of  Keuben  ()tteni)erg  that,  being  himself  the  victim 
of  an  umisual  disease,  he  should  have  kept  careful  notes  on  his  symptoms,  and 
lun  e  published  an  excellent  case  report  of  his  illness  under  the  title  "Occlusion 
of  the  internal  carotid  artery:  clinical  diagnosis  and  therapy"  (Jour.  Mount 
Sinai  Hosp.,  22:  99,  1955). 

He  was  survived  by  his  wife,  a  l)rother  and  a  son  who  teaches  anthropology 
in  a  Western  university. 

MuRK.VY  H.  Bass,  M.D. 
for  the 
Editorial  Board 


PATTERNS  OF  BONE  CHANGE  IN  THE  SICKLE  CELL  STATES 


JOHN  E.  MOSKLEY,  M.D. 
New  York,  N.  Y. 

The  iiKli\-iilual  skeletal  niaiiit'estat ions  of  sickle  cell  disease  mimic  the  changes 
seen  in  other  conditions  and  treiiuently  recjuire  a  high  index  of  suspicion  for 
undelayed  diagnosis.  But  while  no  one  of  the  findings  may  l)e  considered  specific 
for  sickle  cell  disease,  the  combination  of  several  featiu'es,  in  many  instances, 
forms  a  pattern  which  is  strongly  suggestive,  if  not  diagnostic,  of  the  condition. 
In  other  instances  the  occurrence  of  a  single  feature  in  the  presence  of  certain 
non-specific  clinical  findings  constitutes  a  fairly  firm  basis  for  a  sound  opinion. 

Many  patients  with  sickle  cell  disease  fail  to  show  any  skeletal  changes  what- 
ever and  we  have  been  unable  to  correlate  the  extent  of  bony  change,  when  it 
occurs,  with  the  severity  of  the  disease.  Several  skeletal  features,  however,  do 
have  some  relation  to  the  age  of  the  patient  and  others  appear  to  be  more  com- 
mon in  the  genetic  variants  of  the  disease. 

The  osseous  lesions  in  sickle  cell  disease  are  considered  to  be  due  to  hyper- 
plasia of  the  erythi'()l)lastic  elements  of  the  bone  marrow  and  to  thromboses 
and  infarctions.  This  explanation  of  the  hndings  appears  to  be  taken  for  granted 
by  most  authors  although  it  must  be  noted  that  the  pathologic  evidence  for 
thromboses  has  not  been  demonstrated  to  the  satisfaction  of  all  obser\'ers. 
Kjmmelsteil  (1),  for  instance,  reported  a  case  of  sickle  cell  disease  in  which 
there  was  ischemic  necrosis  in  several  organs  but  no  evidence  of  vascular  throm- 
bosis. He  suggested  that  sickling  of  red  cells  and  diminution  in  oxygen  carrying 
capacity  results  in  reflex  vasospasm,  engorgement  of  capillaries  with  packed 
sickled  red  cells,  local  ischemia  and  infarction.  The  viscosity  of  the  blood,  due  to 
sickled  red  cells,  is  increaced  at  lower  oxygen  tensions  and  results  in  slowing 
down  of  the  circulation  with  capillary  stasis  which  aggravates  tissue  anoxia. 
Thus  the  circulation  may  be  reduced  without  true  thrombosis.  More  recently, 
Cohen,  Sung  and  Robins  (2)  descril)ed  a  fatal  case  of  sickle  cell  disease  in  which 
autopsy  revealed  ischemic  necrosis  in  the  spleen,  liver,  lungs,  and  the  anterior 
lobe  of  the  pituitary,  but  in  which  no  evidence  of  vascular  thrombosis  could  be 
demonstrated.  Clarification  of  the  disturbed  physiology  in\'oIved  in  these  changes 
awaits  further  investigation. 

Erythroblastic  hyperplasia,  a  response  to  hemolysis  and  anemia,  results  in 
widening  of  the  medullary  spaces,  thinning  of  the  cortices  and  coansening  of  the 
trai)eculae.  The  radiographic  shadow  of  the  bone  shows  a  diminution  in  density. 
The  vertebral  bodies,  in  addition  to  showing  demineralization  and  trabecular 
coursening,  may  become  cupped  (biconcave)  from  the  pre.ssure  of  the  nucleus 
pulposus  on  the  weakened  bony  structure.  The  diploic  space  between  the  tables 
of  the  skull  may  be  widened  by  the  proliferating  marrow.  The  outer  table  is 

From  the  Dcpa  it  incuts  of  Radiology,  The  Mount  Sinai  and  Sydenham  Hospitals,  New- 
York,  N.  Y. 
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IhiiiiH'd  by  this  pressure  :uid  th(>r(^  miiy  he  radial  striation  of  the  diploic;  tra- 
heculae. 

Thromboses  or  vasospasm  and  stasis  result  in  areas  of  ischemic  necrosis  or 
infarction.  Usually  l)eginninfi;  in  late  childhood  or  in  younji;  adulthood  there  may 
occur  a  characteristic  layinfi  down  of  new  bone  alonfj;  the  inner  aspects  of  the 
cortices  of  the  long  bones  with  resultant  narrowing  of  the  medullary  spaces.  This 
process,  which  we  have  found  to  be  nuich  more  common  than  the  literature  in- 
dicates, appears  to  be  related  to  the  change  ()\er  from  red  to  yellow  marrow  in 
long  bones  but  the  exact  mechanism  of  this  phenomenon  has  not  been  established. 
It  is  usually  described  as  a  throml)otic  phenomenon. 

In  infants  the  l)one  changes,  on  occasion,  may  be  confined  to  the  small  tubular 
bones  of  the  hantls  and  'or  feet.  Attention  is  first  called  to  the  condition  by  soft 
tissue  swelling.  The  swollen  parts  are  usually  tender  but  may  not  be  so.  It  must 
be  emphasized  that  radiography  of  the  hands  or  feet  may,  at  first,  reveal  no  ab- 
normalities of  the  bones.  There  is  apt  to  be  a  delay  of  from  10  to  20  days  between 
the  appearance  of  clinical  signs  and  radiographically  demonstrable  osseous 
changes.  However,  some  cases  may  never  show  any  bony  change  despite  me- 
ticulous follow-up  study.  The  course  of  events  is  analogous  to  that  occvu'ring  in 
traumatic  periostitis  in  young  children  and  to  the  development  of  cephidhema- 
tomas  in  infants  where  there  is  a  time  lag  l^etween  injury  and  bone  change.  We 
suspect  that  many  cases  of  this  type  are  overlooked  because  roentgen  changes 
happen  not  to  be  present  at  the  time  of  examination.  Swelling  of  the  hands  or 
feet  occurs  sufficiently  often  in  infants  with  sickle  cell  disease  to  \varrant  an 
immediate  suspicion  of  this  dyscrasia  in  any  Xegro  infant  in  whom  there  is  no 
readily  apparent  cause  for  the  swelling.  When  bone  changes  become  manifest, 
they  take  the  form  of  areas  of  bone  destruction  and  repair  of  varying  extent  and 
of  periosteal  reaction.  In  some  cases  the  changes  do  not  progress  beyond  a  perios- 
titis (Fig.  1).  These  bone  manifestations  may  be  accompanied,  on  occasion,  by 
changes  in  the  lungs  due  to  infarctions  or  pneumonitis  or  there  may  be  evidences 
of  infarction  in  other  bones  unaccompanied  by  any  clinical  findings.  The  bone 
change  in\'olves  the  phalanges,  metacarpals  or  metatarsals.  It  simulates  the  ap- 
pearance of  osteomyelitis,  syphilis  or  tuberculosis  and  may  or  may  not  be  accom- 
panied by  periostitis.  Healing,  which  is  complete,  may  be  rapid  or  slow  and  varies 
between  one  and  eight  months.  It  is  likely  that  periosteal  reactions  are  seen  more 
commonly  in  infants  and  children  because  at  this  age  the  periosteum  is  more 
vascular  and  more  loosely  attached  to  the  cortex  than  in  older  children  and 
adults.  A  few  cases  of  this  type  have  been  reported  (3-G)  l)ut  it  is  likely  that  they 
do  not  reflect  the  true  incidence  of  this  manifestation  of  sickle  cell  disease. 

The  osseous  changes  in  the  long  bones,  considered  to  result  from  thromboses 
or  vasospasm  and  infarction,  apparently  vary  with  the  extent  of  the  A'ascular 
involvement  and  that  portion  of  the  bone  affected.  When  the  changes  are  minimal 
and  affect  only  the  peiiosteum  the  latliologic  diagnosis  can  only  be  suggested.  In 
older  infants  and  young  children,  the  ages  at  which  periosteal  reaction  is  more 
commonly  seen,  such  cases  may  have  to  be  distinguished  from  benign  infantile 
cortical  hyperostosis  (Caffey),  hypervitaminosis  A  and  trauma.  It  may  be  more 
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Fig.  1.  Harul  of  5' 2  months  old  inak-  with  homozygous  S  sickle  cell  anemia.  The  soft 
tissue  about  the  ])r()ximal  phalanges  is  swollen.  There  is  periosteal  reaction  along  the  shafts 
of  the  second  and  fifth  metacarpals.  The  hone  change  did  not  progress  beyond  a  periostitis. 

helpful  to  suggest  that  in  a  Xegro  infant  sickle  cell  disease  should  be  included 
in  the  differential  diagnosis  of  simple  periosteal  elevation  since  some  of  these 
patients  present  only  a  swollen  extremity  and  other  evidence  of  crisis  may  not 
be  readily  appreciated.  In  some  instances,  however,  there  may  be  tell-tale  areas 
of  infarction  at  the  ends  of  the  shafts.  Such  a  case  is  shown  in  figure  2. 

Vascular  phenomena  may  be  extensive  enough  to  cause  massive  infarction  of 
a  long  bone.  The  radiographic  appearance,  then,  is  practically  indistinguishable 
from  diffuse  osteomyelitis.  We  have  seen  this  type  of  bone  change  only  in  chil- 
dren and  suspect  that  vascular  anatomy  at  that  age  predisposes  to  lesions  of 
such  extent  and  degree.  While  such  lesions  are  not  common  in  sickle  cell  disease 
there  have  been  recent  reports  (6,  7)  which  suggest  an  increasing  awareness  of 
this  pattern  of  bone  change.  The  roentgen  appearance  is  that  of  extensive  bone 
destruction  and  sclerosis  with  the  development  of  involucrum  identical  to  that 
seen  in  osteomyelitis  (Fig.  3).  In  these  cases,  however,  the  clinical  and  laboratory 
evidences  of  osteomyelitis  are  not  convincing.  Blood  cultures  are  negative,  white 
counts  and  temperature  drop  after  the  subsidence  of  the  crisis  and  maintain  no 
positive  relationship  to  antibiotic  therapy.  No  sinus  tracts  develop  and  the 
clinician  is  faced  with  a  paucity  of  hndings  to  accompany  such  an  extensive 
lesion. 

There  have  been  recent  reports  calling  attention  to  an  unusual  frequency  of 
salmonella  osteomyelitis  in  patients  with  sickle  cell  disease  (8,  9).  It  is  considered 
that  there  is  an  increased  frefjuency  of  osteomyelitis  in  sickle  cell  disease  related 
to  the  assumption  that  avascular  zones  in  bone  would  be  appropriate  foci  for 


Fig.  2.  A  10  mouth  old  I'cinale  with  hoiuozygcjus  S  sickle  cell  aiKMiiia  who  developed  a 
swollen  tender  left  thigh  while  recoverint;;  from  a  hemolytic  crisis.  P'ilm  made  12  da^s  after 
onset  of  swellin}!  shows  frank  ijeriosteal  riMction  along  shaft  of  left  femur  and  very  minimal 
periosteal  elevation  along  shaft  oi  right  femur.  There  are  irregular  areas  of  osteosclerosis  at 
the  distal  femoral  metaphyses  representing  areas  of  hone  iufarcti(jn. 


Fig.  3.  Diffuse  destruction  of  the  hiuui'ral  shaft  with  reactive  sclerosis,  invohicrum 
formation  and  pat  hological  fracture  at  pro.xinial  end.  The  patient  was  a  4  year  old  male  with 
homozygous  S  sickle  cell  anemia.  This  appearance  of  massive  infarction  of  a  long  hone  can- 
not be  differentiated  radiographically  from  a  diffuse  csteomyelitis. 
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Fig.  4.  Femur  of  patient  with  sickle  cell4iemo!j;lol)iii  C  disease.  Irregular  areas  of  .sclero- 
sis and  lucency  in  head.  There  is  thickening  of  the  trabeculae  in  the  neck  and  upper  shaft. 
The  medullary  cavity  is  considerably  narrowed  Ijy  thickening  of  the  inner  aspect  of  the 
corte.x. 

the  settling  of  organisms  diu-iiig  a  bacteremia.  But  the  lesion  described  here  as 
massive  infarction  of  a  long  bone  is  not  an  osteomyelitis,  despite  its  radiographic 
appearance.  When  such  bony  lesions  are  opened,  no  exudate  is  found  and 
cultures  are  sterile  (10). 

The  lesions  described  above  as  resulting  from  vascular  occlusion  or  stasis  are 
essentially  lesions  of  infancy  and  early  childhood.  When  bone  infarction  occurs 
in  late  childhood  and  in  the  adult  it  tends  to  involve  the  ends  of  the  long  bones 
or  to  present  as  a  localized  area  of  infarction  in  the  medulla.  In  our  experience 
the  femoral  and  humeral  heads  are  the  most  common  sites  of  bone  infarction  in 
adults.  The  changes  which  result  are  (juite  varied  in  appearance.  One  or  more 
good-sized  areas  of  necrotic  bone  ma,y  be  removed  by  osteoclasis  leaving  the 
head  mottled  with  lucent  areas,  or  this  appearance  may  be  mixed  with  areas  of 
osteoblastic  reaction  so  that  the  head  shows  a  combination  of  bone  destruction 
and  production  (Fig.  4).  In  the  weight  bearing  hip  joints,  particularly,  but  also 
at  the  shoulders,  the  infarcted  heads  may  collapse  and  lose  their  normal  contour. 
In  time,  secondary  hypertn^phic  arthritic  changes  may  involve  the  joint  (I'ig.  5). 


Fig.  5.  Advanced  destructive  and  ])r()ductive  changes  in  nial -shaped  femoral  liead  with 
secondary  degenerative  arthritic  changes.  Some  trahecuhir  thici\ening  can  be  seen  in  the 
neck  and  upper  femora!  shaft.  Patient  wa.s  a  4.5  year  okl  man  with  S-C  disease. 


Fig.  6.  Sequestration  of  subchondral  necrotic  bone  producing  the  appearance  of  osteo- 
chondritis dissecans  in  a  young  adult  with  S-C  disease. 

On  occasion,  a  single  lytic  area  may  be  walled  off  by  reactive  sclerosis  or  a  ring  of 
calcification.  A  sub-articular  fragment  of  necrotic  bone  may  sequestrate  and 
produce  the  appearance  of  osteochondritis  dis.secans  (Fig.  6).  Such  areas  of 
aseptic  necrosis  are  not  difficult  to  recognize  but  there  is  another  more  limited 
form  of  necrosis  which  is  often  overlooked  and  which  is  almost  as  common  as  the 
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Fig.  7.  Minimal  sclerotic  changes  in  head  and  neck  of  femur.  Close  inspection  reveals 
thickening  of  the  trabeculae  in  the  neck  and  head,  a  portion  of  which  is  overlapped  by  the 
acetabular  rim.  Patient  had  S-C  disease  with  mild  joint  pain. 

more  ohviou.sly  destriicti\'e  lesion.  In  this  type  there  is  a  minimal  to  moderate 
diffuse  increase  in  the  density  of  the  bone.  Close  inspection  will  show  that  the 
fine  trabeculae  are  thickened.  While  a  large  area  of  the  head  may  be  so  affected, 
in  some  cases  only  the  proximal  half  may  show  sclerosis.  This  portion  of  the  head 
may  be  overlapped  by  the  acetabulum  at  the  hip  or  by  the  acromion  at  the 
shoulder  and  this  slight  increase  in  density  may  be  mistaken  for  double  shadow 
of  head  and  acetabulum  or  acromion.  Careful  study,  howe\'er,  will  often  show 
normal  trabeculae  in  the  acetabular  bone  and  thickening  of  the  femoral  trabe- 
culae (Fig.  7).  Films  made  in  positions  of  rotation  will  throw  the  involved  area 
free  from  overlying  structures. 

When  infarction  occurs  in  the  medulla  it  results  in  a  localized  lytic  area  sur- 
roimded  by  reactive  sclerosis  or  with  calcification  at  its  border  or  there  may  be 
calcified  debris  within  it  (Fig.  8).  Occasionally  the  infarct  may  result  in  an  ir- 
regular area  of  trabecular  sclerosis. 

A  common  finding  in  the  long  bones  of  adults  is  diffuse  thickening  of  the  inner 
aspect  of  the  cortices  with  resultant  narrowing  of  the  medullary  spaces.  The 
sclerotic  bone  may  be  separated  from  the  cortex  by  a  thin  lucent  area  and  present 
what  has  been  described  as  a  'bone  within  bone'  appearance  (Fig.  9).  It  can  be 
seen  in  areas  to  consist  of  thickened  lamellated  layers  of  new  bone.  In  some  in- 
stances, howe\-er,  the  appearance  is  that  of  smooth  thickening  of  the  cortex  in  a 
single  compact  layer  (Fig.  10).  We  consider  this  pattern  of  bone  change  to  be  very 
strongly  suggest i\'e  of  sickle  cell  disease.  It  is  seldom  seen  as  more  than  a  purely 
local  process  in  other  conditions  and  it  is  of  immeasurable  aid  in  diagnosis  when 
it  occurs  in  conjunction  with  aseptic  necrosis  at  the  end  of  a  long  bone.  The  two 
findings  occur  fretiuently  together  and  in  all  cases  of  aseptic  necrosis  at  the  hips 
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Fig.  8.  Large  area  of  infarction  at  distal  end  of  femur  filled  with  calcified  debris.  Lesion 
has  sclerotic  border  as  does  smaller  irregular  infarct  at  upper  end  of  tibia. 

or  shoulders  one  should  carefully  inspect  the  upper  ends  of  the  femora  or  humeri 
for  such  changes  (Fig.  4).  There  is  nothing  radiographically  characteristic  about 
aseptic  necrosis  of  the  femoral  or  humeral  heads  as  it  occurs  in  sickle  cell  disease. 
In  adults  it  cannot  be  difterentiated,  for  instance,  from  the  aseptic  necro- 
sis occurring  in  caisson  disease,  necrosis  following  interruption  of  the  circulation 
in  fractures  of  the  femoral  neck  and  dislocations  of  the  femoral  head,  nor  from 
necrotic  changes  presumed  to  be  due  to  arteriosclerosis.  In  children  it  may  re- 
semble the  necrosis  of  Legg-Perthes  disease  or  that  due  to  Gaucher's  disease. 
However,  if  there  is  an  associated  thickening  of  the  inner  aspect  of  the  cortex  of 
the  shaft  the  probability  of  sickle  cell  disease  is  increased. 

The  skeletal  appearances  which  result  from  hyperplasia  of  the  erythroblastic 
elements  of  the  bone  marrow  are  confined  more  or  less  to  infants  and  children. 
One  important  exception,  however,  is  the  change  seen  in  the  spine.  As  a  result  of 
marrow  proliferation  the  cortices  are  thinned  from  internal  resorption,  widening 
the  medullary  spaces.  The  normal  trabecular  markings  are  diminished  due  to 
atrophy.  Those  remaining  are  more  prominent  and  appear  coarsened.  The  gen- 
eral appearance  is  that  of  osteoporosis.  All  of  the  bones  may  be  affected  but  we 
have  not  fotmd  these  changes  to  be  as  frequent  as  the  literature  would  suggest. 
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F'iG.  9.  La>oiiii};  of  now  lioiie  aloiif;  the  inner  aspect  of  the  cortex  with  resultant  narrow- 
ing of  the  niodiiihiry  space  in  a  patient  with  S-C  disease.  The  clear  zone  between  the  layers 
of  cortex  creates  a  "hone  within  hone"  appearance. 

Fig.  10.  Narrowing  of  meclullar\  s|>aces  as  a  result  of  relatively  smooth  thickening  of 
cortices  of  shafts  of  radius  and  ulna  in  patient  with  homozygous-S  sickle  cell  anemia. 

In  infancy  and  early  childhood  such  changes  may  occasionally  be  seen  in  the 
phalanges,  metacarpals  and  metatarsals.  In  the  long  and  short  tubular  bones 
tlie  changes  may  be  similar  to  those  seen  in  Cooley's  anemia  and  in  the  prolifera- 
tive reticuloses  but  are  usually  much  milder  than  those  seen  in  erythroblastic 
anemia.  In  the  skull  the  diploic  space  may  be  widened  and  the  coarsened  tra- 
beculae  tend  to  assume  a  perpendicular  striation.  The  outer  table  is  thinned 
(Fig.  11).  This  appearance  is  similar  to  that  seen  in  Cooley's  anemia  and  in 
familial  hemolytic  anemia.  More  rarely  it  may  also  be  seen  in  iron  deficiency 
anemia  and  in  cyanotic  heart  disease.  These  skull  changes  are  among  the  least 
often  found  manifestations  of  sickle  cell  disease.  They  resolve  with  time  leaving 
a  normal  appearing  skull  or  one  with  slight  thickening  in  the  affected  areas.  In 
the  long  bones,  osteoporosis,  with  widened  medullary  spaces  and  thinned  cortices, 
is  an  tnicommon  finding.  The  vertebrae  show  a  generalized  demineralization  with 
coarsening  of  the  trabeculae.  They  are  apt  to  show  biconca\'e  compression  defects 
due  to  the  pressure  of  the  nuclei  pulposi  on  the  weakened  bodies  (Fig.  12). 

Osteoporosis  of  the  spine  may  occur  in  early  childhood  or  may  not  become  ap- 
parent until  late  childhood  (jr  early  adult  life.  Unlike  the  porosis  involving  the 


I'AT'nCHNS  OF   HOXK  CIIANXJK   I\   SK'KI.K  rKI,I>  STA'l'KS 


Fig.  11.  Skvill  of  boy  showing  widening  of  diploic  space  and  thinning  of  outer  table.  There 
is  tendency  to  radial  striation  of  diploic  trabeculae.  Patient  died  at  age  of  15  from  homozy- 
gous S  sickle  cell  anemia. 

peripheral  portions  of  the  skeleton  which  tends  to  disappear  during  adolescence, 
the  changes  in  the  spine  persist  into  adult  life.  This  is  presumably  related  to  the 
conversion  of  red  marrow  to  yellow  marrow  in  the  extremities  and  the  persist- 
ence of  red  marrow  in  the  central  skeletal  segments  throughout  life.  Osteoporosis 
of  the  spine  is  probably  the  most  important  skeletal  change  in  sickle  cell  disease. 
It  is  frequently  present  when  no  other  changes  can  be  demonstrated  and  when  it 
is  seen  in  combination  with  any  of  the  infarctive  changes  it  is  practically  diag- 
nostic. There  are  very  few  conditions  which  cause  generalized  demineralizatiou 
of  the  spine  alone  in  young  adults.  Osteoporosis  of  the  spine  is  frecjuent  enough  to 
warrant  examination  for  it  in  all  cases  of  bone  infarction.  It  may  be  considered 
that  bone  infarction  alone  suggests  the  possibility  of  sickle  cell  disease.  Infarction 
associated  with  medullary  sclerosis,  thickening  the  inner  aspects  of  the  cortices 
of  long  bones,  makes  the  diagnosis  probable.  If  either  of  these  two  processes  or 
both  are  associated  with  osteoporosis  of  the  spine  the  diagnosis  is  prac^tically 
certain. 

The  development  of  hemoglobin  analysis  l)y  electrophoresis  by  Pauling  and 
his  a.ssociates  (11)  in  1948  and  the  genetic  analysis  of  families  with  the  sickling 
phenomenon  reported  by  Neel  (12)  in  the  same  year,  heralded  the  beginning  of  a 
period  of  rapid  progress  in  the  elucidation  of  the  sickle  cell  diseases.  Since  that 
time  a  series  of  observations  of  fundamental  importance  have  been  made  with  a 
rapidity  which  has  few  parallels  in  the  history  of  medicine.  Pauling  and  his 
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Fig.  12.  Generalized  demineralization  of  the  spine  with  early  cupping  of  the  vertebrae 
in  patient  with  homozygous  S  sickle  cell  anemia. 

associates  introduced  the  concept  of  molecular  disease.  Such  disease  is  the  re- 
sult of  genetically  determined  abnormalities  of  protein  synthesis.  Following  the 
description  of  sickle  cell  hemoglobin  as  molecularly  distinct  from  normal  hemo- 
globin, an  ever-increasing  number  oi  other  abnormal  hemoglobins  have  been 
described  and  their  inheritance  studied.  Sickle  cell  trait,  the  result  of  inheritance 
of  the  sickling  charactei-  from  only  one  parent  does  not,  except  in  rare  instances, 
produce  any  clinical  manifestations.  Instances  of  splenic  infarction  during  aerial 
flight  have  been  reported  in  individuals  with  sickle  cell  trait  (electrophoretically 
determined)  (13),  and  at  least  two  cases  of  recurrent  gross  hematuria  have  been 
encountered  in  individuals  shown  to  have  only  the  sickling  trait  (14).  The  hemo- 
gloVnn  in  the  red  cells  of  such  persons  is  a  combination  of  normal  and  sickle  cell 
hemoglobin.  Sickle  cell  anemia,  on  the  other  hand,  occurs  in  persons  homozygous 
for  the  sickling  character.  The  red  cells  possess  only  sickle  hemoglol)in.  These 
patients  suffer  from  a  congenital,  chronic  hemolytic  anemia.  The  combination  of 
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sickle  cell  hcino^lohiii  with  oIIkm'  newly  (liscoxci'ed  nliiKiiiiial  lieiiioiilohiiis  pvo- 
(liiees  diseases  which  are  similar  to  and  may  he  mistaken  toi'  sickle  cell  anemia.  Ol 
the  abnormal  hemoglobins  so  far  found  in  comi)inal ion  with  sickle  cell  hemo- 
glol)iii,  hemoglobin  C  is  by  far  the  most  common.  Hemoglobin  I)  and  (1  combi- 
nations are  exti'emely  rare. 

In  addition  to  inherited  abnormalities  of  hemoglobin  tlieic  are  inherited  ab- 
normalities of  red  blood  cells  not  reflected  in  the  electrophoretic  mobility  of  their 
hemoglobins.  Among  the.se  are  hereditary  leptocyto.sis  (thalassemia),  hereditary 
spherocytosis  and  ovalocytosis.  Inheritance  of  a  gene  for  sickling  from  one  parent 
and  a  gene  for  one  of  these  abnormalities  of  red  blood  cells  from  another  parent 
may  occur  but  is  rare. 

The  genetic  variants  of  sickle  cell  disease  in  which  bone  changes  have  been 
found  are  sickle  cell-hemoglobin  C  disease  and  sickle  cell-thalassemia.  Experi- 
ence with  other  sickle  cell  variants  is  so  limited  at  present  that  the  possibilities 
of  skeletal  changes  in  them  cannot  now  l)e  entirely  excluded.  Smith  and  Conley 
(14)  in  an  interesting  report  on  \hc  clinical  features  of  the  genetic  variants  of 
sickle  cell  disease  were  unable  to  find  instances  of  aseptic  necrosis  of  the  femoral 
or  humeral  heads  in  sickle  cell  anemia  but  did  observe  such  findings  in  (i  of  27 
patients  with  sickle  cell-hemoglobin  C  disease  and  in  '.^  of  11  patients  with  sickle 
cell-thalassemia.  They  suggested  that  these  lesions  might  be  confined  to  the 
variant  groups.  Since  that  report,  however,  these  authors  have  encountered  cases 
of  aseptic  necrosis  of  the  femoral  and  humeral  heads  in  patients  with  sickle  cell 
anemia  (hemozygous  S)  (15).  Tanaka,  Clifford  and  Axeli'od  (l(i)  have  recently 
studied  38  ca.ses  of  electrophoretically  proven  sickle  cell  anemia.  Six  of  the  thirty- 
eight  patients  showed  aseptic  necrosis  of  the  femoral  head.  More  recently 
Cockshott  (17),  reporting  from  Nigeria,  was  unable  to  find  any  instances  of 
aseptic  '  necrosis  of  the  femoral  heads  in  120  cases  of  electrophoretically 
determined  sickle  cell  anemia.  Review  of  several  of  our  patients  with  sickle  cell 
anemia,  pro\'en  by  electrophoretic  studies,  has  revealed  instances  of  femoral 
and  or  humeral  head  necrosis  (Fig.  13),  and  we  have  not  been  able  to  use  this 
finding  as  an  item  in  differentiating  between  sickle  cell  anemia  and  the  sickle 
cell  variants.  Experience  with  electrophoretically  analyzed  cases  is  now  be- 
ginning to  accumulate  and  it  may  well  be  that  aseptic  necrosis  at  the  hips  and 
shoulders  is  far  more  common  in  the  variants  but  it  does  occur  in  sickle  cell 
anemia  and  we  doubt  that  it  is  by  any  means  a  rare  finding.  Experience  with 
sickle  cell-thalassemia  is  limited  and  perhaps  does  not  warrant  any  conclusive 
impression,  but  there  do  not  appear  to  be  any  significant  differences  in  the  nature 
of  the  bone  changes  seen  in  sickle  cell  anemia  and  those  found  in  sickle  cell- 
hemoglobin  C  disease.  Diffei'entiation  between  the  two,  however,  can  frequently 
be  made  when  the  age  and  history  of  the  patient  are  known.  When  aspects  of 
the  hematologic  study  and  physical  examination  are  also  known  the  differentia- 
tion between  sickle  cell  anemia  and  sickle  cell-hemoglobin  C  disease  can  be  made 
in  the  majority  oi  cases.  It  is  important  to  make  this  difTerentiation  because  of 
the  difTerence  in  prognosis  in  the  two  conditions. 

Moat  patients  with  sickle  cell  anemia  die  by  the  age  of  30  and  almost  all  l)y  the 
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Fig.  13.  Patient  with  homozygous  S  sickle  cell  anemia  showing  osteoporosis  of  the  sac- 
rum, aseptic  necrosis  of  the  femoral  heads  and  narrowing  of  the  medullary  spaces  of  femora 
by  thickening  of  inner  aspects  of  the  corticalis. 

age  of  40.  Any  patient  with  .skeletal  changes  and  sickling,  therefore,  over  the 
age  of  40  is  likely  to  be  suffering  from  sickle  cell-hemoglobin  C  disease  or,  rarely, 
one  of  the  other  variants.  Patients  with  sickle  cell-hemoglobin  C  disease  may 
live  to  old  age  and  we  have  seen  numerous  patients  in  their  fifties  and  sixties  and 
one  in  his  seventies  with  this  variant  of  sickle  cell  disease  in  whom  there  were 
unequivocal  bone  changes. 

Actually,  with  some  slight  overlapping,  the  clinical  courses  of  the  two  con- 
ditions differ  in  such  a  way  as  to  suggest  one  or  the  other  from  the  history  alone. 
In  sickle  cell  anemia  the  course  of  the  disease  is  more  severe  and  its  manifesta- 
tions tend  to  appear  at  an  earlier  age.  The  history  is  usually  that  of  an  unre- 
mitting, fairly  severe  hemolytic  anemia  with  frecjuent  bone  and  joint  or  abdomi- 
nal crises.  These  patients  tend  to  be  asthenic  in  body  build  with  dispropor- 
tionately long  legs.  After  the  age  of  9  or  10  the  spleen  is  never  palpable.  Target 
cells  in  the  blood  smear  may  vary  between  5  and  25  per  cent,  practically  never 
any  higher.  The  clinical  course  of  patients  in  the  variant  groups,  on  the  other 
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Fig.  14.  Portion  ul'  lilin  made  us  part,  of  a  pelvimetry  showing  hiconeavo  cupping  of  the 
lumbar  vertebrae  and  minimal  .sclerotic  change.s  in  tlie  head.s  and  necks  of  the  femora.  Diag- 
nosis of  sickle  cell  disease  was  suggested  to  clinicians  who  found  ])atient  to  have  S-C  disease. 
Patient  died  suddenly  on  third  post  partum  day,  presumably  from  an  embolus. 

hand,  is  usually  mild.  There  are  infrequent  crises  or  none  at  all.  A  large  niniiber  of 
patients  with  sickle  cell-hemoglobin  C  disease  have  enlarged  palpable  spleens 
and  splenic  size  may  increase  or  decrease  with  changes  in  symptomatology. 
Splenic  enlargement  also  may  be  found  in  patients  with  S-thalassemia.  Target 
cells  in  the  blood  smears  of  patients  with  S-C  disease  are  likely  to  run  between 
30  and  85  per  cent.  While  not  usually  as  high  as  in  S-C  disease  the  percentage  of 
target  cells  in  S-thalassemia  tends  to  be  much  higher  than  that  in  sickle  cell 
anemia  and  is  usually  around  30  to  50  per  cent.  Many  patients  with  sickle  cell- 
hemoglobin  C  disease  have  been  found  in  arthritic  or  orthopedic  clinics  where 
they  have  gone  for  joint  pain  and  it  is  often  impossible  to  elicit  any  history  of 
previous  crises  or  debility  of  any  kind.  Three  of  our  sickle  cell-hemoglobin  C 
patients  were  first  seen  because  of  hematuria.  All  of  them  had  been  classified  as 
"idiopathic"  or  "essential"  hematuria.  In  two  of  the  cases  aseptic  necrosis  of  the 
femoral  heads  was  detected  on  the  intravenous  pyelography  films  and  the  atten- 
tion of  the  urologist  called  to  the  probability  of  sickle  cell  disease.  The  occurrence 
of  hematuria  in  sickle  cell  disease  has  been  well  established.  Cioodwin  et  al.,  (18) 
reported  four  cases  in  1950.  Ryan  and  Fuller  (19)  in  1951  reported  one  case  and 
Harrison  and  Harrison  (20)  reported  nine  cases  in  1952  with  pathological  exam- 
ination of  the  kidney  specimens  in  four  of  them.  These  specimens  showed  areas 
of  local  ischemic  necrosis  of  tissue  and  vessel  walls  and  multiple  hemorrhages. 
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?h>inatiiria  is  more  common  in  sickle  cell-hemoglobin  C  disease  than  in  sickle 
cell  anemia  and,  as  indicated  above,  may  occur  in  sickle  cell  trait. 

Anothei-  of  our  cases  was  discovered  when  necrotic  changes  were  observed  in 
the  femoral  heads  on  films  made  for  pelvimc^try  (Fig.  14).  This  patient  bled  con- 
siderably at  deli\'ery  and  died  suddenly  on  the  third  postpartum  day.  It  is  sig- 
nificant, although  at  present  not  explained,  that  patients  with  sickle  cell-hemo- 
globin C  disease  tend  to  do  poorly  in  pregnancy.  This  does  not  appear  to  be  the 
case  in  patients  with  the  more  severe  condition  of  sickle  cell  anemia.  While  pa- 
tients with  sickle  cell  anemia  may  show  some  increase  in  their  anemia  during 
pregnancy,  acute  exacerbation  of  their  condition  is  not  common.  In  sickle  cell- 
hemoglobin  C  disease,  on  the  other  hand,  there  is  apt  to  be  a  marked  increase  in 
the  degree  of  hemolytic  anemia  and  crises  often  occur  during  the  last  trimester  of 
pregnancy  or  in  the  early  postpartum  period.  Smith  and  Conley  (14)  have  re- 
ported that  of  five  sickle  cell-hemoglobin  C  patients  they  observed,  all  of  whom 
had  one  or  more  pregnancies,  in  every  instance  there  was  a  marked  increase  in 
anemia  often  associated  with  other  manifestations  of  crises.  Eastman  (21)  has 
reported  that  of  six  pregnant  women  seen  in  The  Johns  Hopkins  Hospital  Ob- 
stetric Clinic  since  1952  with  S-C  disease,  three  died  in  the  course  of  pregnancy  or 
labor.  Two  died  of  post-partum  hemorrhage  and  one  of  pulmonary  emboli  com- 
posed of  necrotic  bone  marrow. 

It  is  of  considerable  value,  therefore,  if  bone  changes  can  be  detected  in  pa- 
tients unsuspected  of  having  sickle  cell  disease.  Because  of  the  mild  course  of 
S-C  disease  there  may  be  no  history  to  suggest  its  possible  existence  to 
the  clinician.  This  is  particularly  so  in  hospitals  in  which  there  is  a  small  Negro 
census,  and  search  for  sickling  is  not  done  routinely.  It  should  also  be  remembered 
that  most  S-thalassemia  patients  are  Caucasians  and  the  finding  of  suggestive 
bone  changes  in  these  patients  may  be  the  first  clue  to  the  underlying  sickle  cell 
disease. 

The  visceral  manifestations  of  sickle  cell  disease  which  may  be  radiographically 
demonstrated  have  been  described  by  several  authors,  most  recently  by 
Middlemiss  (22).  These  changes  include  splenic  infarction,  lung  changes,  cardio- 
megaly  and  cholelithiasis.  With  the  exception  of  cardiomegaly  in  sickle  cell 
anemia,  however,  bone  changes  are  the  most  common  radiographic  manifestation 
of  sickle  cell  disease  and  the  findings  most  likely  to  suggest  the  diagnosis.  Because 
the  variants  of  this  disease  frequently  present  no  suggestive  history  of  the  con- 
dition and  at  times  not  even  an  anemia,  the  clue  to  the  diagnosis  may  come  from 
the  radiologist  familiar  with  the  various  patterns  of  bone  change  which  occur 
in  these  conditions. 

SUMMARY 

1.  The  bone  changes  which  may  be  found  in  cases  of  sickle  cell  disease  have 
been  described.  Attention  is  called  to  three  patterns  of  bone  change  occurring 
in  the  early  months  or  years  of  life  which  have  received  only  scant  notice  in  the 
literature. 

2.  Demineralization  of  the  spine  is  considered  the  most  frecjuent  and  most 
important  skeletal  alteration.  When  this  feature  is  seen  in  combination  with 
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;is(>ptic  necrosis  at  the  ends  of  loiij!;  hones  or  with  inediillary  sclerosis  aloiij;  the 
inner  asjH'cts  of  tlie  cortices,  tiie  diagnosis  of  sickle  cell  disease  is  most  likely. 

o.  Aseptic  necrosis  of  the  humeral  or  femoral  heads  has  been  seen  much  more 
commonly  in  8-C  disease  hut  may  be  found  in  sickle  cell  anemia  as  well.  In  the 
latter  instances,  however,  the  diagnosis  has  usually  been  made  on  the  basis  of 
clinical  manifestations  while  in  S-C  disease  the  individual  nuiy  show  aseptic 
necrosis  in  the  face  of  an  otherwise  uneventful  history.  In  this  circumstance  the 
radiologist  is  in  a  position  to  suggest  the  hematologic  diagnosis. 

4.  Some  of  the  important  clinical  manifestations  of  sickle  cell  anemia  and  t  he 
most  common  variant,  S-C  disease,  are  discussed.  It  is  considered  that  with  this 
information  the  radiologist  can  otter  a  more  specific  diagnostic  impression. 
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DYSKINESIAS  FOLLOWING  THERAPY  WITH 
PHENOTHIAZINE  DERIVATIVES 


WALTER  V.  FLEGENHEIMER,  M.D. 
New  York.  N.  Y. 

Since  the  introduction  of  chlorpromazine*  other  drugs  of  the  phenothiazine 
type  ha\-e  been  developed  and  extensively  used  in  all  fields  of  medicine.  For 
each  new  drug  its  maker  claims  distinctive  properties.  In  general,  the  newer 
phenothiazines  are  more  potent  and  produce  fewer  side-effects  than  does  chlor- 
promazine; thus  drugs  are  now  available  which  produce  less  drowsiness,  hypo- 
tension, jaundice,  and  dermatitis.  However,  not  all  the  properties  of  the  newer 
drugs  are  desirable.  The  incidence  of  extrapyramidal  symptoms  is  much  greater 
with  most  newer  compounds  than  it  is  with  chlorpromazine. 

The  extrapyramidal  symptoms  following  therapy  with  phenothiazine  deriva- 
tives have  been  divided  into  three  categories.  The  most  common  type  resembles 
the  usual  picture  of  Parkinsons  disease,  with  tremor,  rigidity  and  increased 
salivation.  Generalized  feelings  of  restlessness,  often  accompanied  by  an  in- 
ability to  sit  still  form  another  group,  known  as  turbulence,  or  akathisia.  It  is 
the  purpose  of  this  report  to  call  attention  to  the  third  group,  called  dystonias  or 
dyskinesias,  which  are  characterized  by  spastic  contractions  and  involuntary 
movements  that  may  involve  any  part  of  the  musculature,  and  that  often  pro- 
duces bizarre  appearing  attitudes  in  the  patients.  These  dyskinesias  will  occur 
more  frequently  now  that  the  newer  phenothiazines  are  being  used  extensively. 
When  this  condition  is  recognized,  the  management  becomes  simple  and  effective, 
but  until  the  diagnosis  is  made,  the  symptoms,  because  of  their  variable  and 
dramatic  nature,  can  be  a  cause  of  anxiety  for  all  concerned.  The  following  five 
cases,  which  were  seen  by  the  Psychiatry  Service  during  the  past  six  months, 
illustrate  some  of  these  points. 

CASE  REPORTS 

The  first  patient,  a  85  year  old  man,  came  to  the  emergency  room 
complaining  of  difficulty  in  l)reathing.  He  was  a  drug  addict  who  had  been  taking 
large  doses  of  heroin  intravenously.  Three  days  before  coming  to  the  hospital  he 
stopped  the  drug  and,  because  of  withdrawal  symptoms,  received  chlorpromazine 
from  his  physician.  He  took  200  mgm.  a  day  for  three  days,  and  three  hours  be- 
fore the  onset  of  symptoms  he  had  an  additional  dose  of  200  mgm.  because 
his  withdrawal  symptoms  were  increasing.  He  had  taken  a  total  of  (ioO  mgm.  of 
chlorpi()mazin(>  in  (10  hours.  While  the  patient  was  being  examined  in  the  emer- 
gency room  his  tongue  started  to  protrude  and  he  was  unable  to  return  it  to  his 
mouth  except  by  pushing  it  in  with  his  hands.  His  speech  became  unintelligible. 

From  the  Department  of  Psychiatry,  The  Mount  Sinai  Hospital,  New  York,  N.  Y. 
Presented  at  the  monthly  staff  conference,  Department  of  Psychiatry,  March  3,  1959. 
*  Available  as  Thorazine®,  Smith  Kline  &  French. 
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more  so  tliaii  could  he  accounted  loi'  hy  the  mall uiict ioniiifi  (oiifiuc  I rr('<!;ular 
contractions  of  the  muscles  of  the  anj^le  of  the  jaw  and  neck  were  noted.  There 
was  sweutiufr  and  hyperpnea  and  tlie  patient  appeared  in  acut(!  distress.  His 
sensorium  was  clear  and  he  communicated  readily  througii  signs  and  writing. 
The  neurological  examination  was  negati\'e  except  for  a  flattening  of  the  hd't 
nasolabial  fold.  Xo  diagnosis  could  be  made  by  the  medical,  neiu'ology,  or  psy- 
chiatry resident.  It  was  not  recognized  at  the  time  that  the  syndrome  of  forced 
protrusion  of  the  tongue,  accompanied  by  spastic  contractions  of  the  muscles  of 
the  floor  of  the  mouth  and  neck  had  been  described  as  an  effect  of  phenothiazine 
medication  (1).  Because  the  tongue  appeared  swollen,  the  possibility  of  an  allergic 
reaction  was  considered  and  the  patient  received  50  mgm.  of  diphenhydramine 
hydrochloride*  intramuscularly.  After  twenty  minutes  the  .symptoms  had  com- 
pletely disappeared.  The  tongue  was  returned  to  the  mouth  and  was  of  normal 
size,  there  was  no  longer  flattening  of  the  nasolabial  fold,  the  speech  was  easily 
intelligible,  and  the  patient  appeared  relaxed  and  calm. 

The  second  patient  is  a  26  year  old  woman  who  was  admitted  to  the  Psycho- 
somatic Service  following  a  serious  suicide  attempt.  This  occurred  in  the  course 
of  a  post-partum  depression,  for  which  she  had  had  some  weeks  of  private  psy- 
chotherapy. She  was  extremely  agitated  and  because  of  this,  two  days 
after  admission,  she  was  placed  on  prochlorperazine,  f  Forty-eight  hours  after 
the  drug  was  started,  when  she  had  recei\'ed  a  total  of  150  mgm.,  there  was  a 
sudden  onset  of  contractions  of  the  muscles  in  her  neck,  forcing  her  head  towards 
the  right  shoulder  with  the  face  turned  upwards  and  to  the  left.  The  eyes  were 
also  fixed,  looking  upwards  and  to  the  left.  This  was  accompanied  by  .slow,  halting 
speech,  motions  of  swallowing,  and  a  mild  hyperpnea.  The  symptoms  were  only 
momentarily  reversible  on  effort.  The  initial  impression  was  that  of  a  catatonic 
state.  After  the  condition  was  recognized  as  due  to  the  medication,  5  mgm.  of 
trihexyphenidyl t  were  given.  The  symptoms  disappeared  completely  within 
twenty  minutes.  The  patient  was  then  able  to  relate  the  overwhelming  feelings 
of  panic  she  had  experienced  on  finding  herself  unable  to  control  the  motions  of 
her  head  and  eyes.  She  had  thought  that  this  indicated  a  complete  psychological 
collapse,  proof  that  she  w'ould  never  get  better.  She  did  not  think  of  the  possi- 
bility of  an  organic  explanation  for  her  symptoms.  For  the  next  two  weeks  the 
patient  continued  on  80  mgm.  of  prochlorperazine  and  5  mgm.  of  trihexyphenidyl 
per  day.  The  trihexyphenidyl  was  then  discontinued  and  for  four  days  she  re- 
ceived 30  mgm.  of  prochlorperazine  a  day,  after  which  all  drugs  were  discon- 
tinued. There  was  no  recurrence  of  extrapyramidal  symptoms. 

The  third  patient  is  a  29  year  old  man  who  was  admitted  to  the  hospital  after 
a  suicide  attempt  with  barbiturates  which  was  serious  enough  to  require  a  trache- 
otomy. After  his  medical  condition  had  impro\'ed  he  was  transferred  to  the 
psychosomatic  ward.  Because  of  increasingly  paranoid  ideas  he  was  started  on 
prochlorperazine.  He  had  received  50  mgm.  over  a  twenty-four  hour  period 

*  Available  as  Benadryl®,  Parke  Davis. 
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wIkmi  ho  romplainod  of  the  siuldcMi  onset  of  (lifHcuIty  in  swallowing.  His  tongue 
felt  out  of  control  tliough  it  did  not  prolrudc.  lie  had  difficulty  in  opening  his 
jaw  and  his  facial  muscles  contracted  invohnitarily.  He  complained  of  a  feeling  of 
tightness  in  his  throat  and  exi)ressefl  fears  that  he  would  require  another  tra- 
cheotomy. He  had  dilliciilty  with  plionation  and  his  speech  was  hard  to  under- 
stand. This  episode  occurred  six  hours  after  the  patient  learned  of  the  symptoms 
of  the  pi'evious  case.  He  was  reassured  by  references  made  to  the  recovery  of 
the  pre\'ious  patient.  He  received  5  mgm.  of  trihexyphenidyl  which  he  swallowed 
with  diHiculty,  and  the  symptoms  disappeared  after  30  minutes.  The  prochlor- 
perazine was  discontiinied  and  he  was  placed  on  promazine,*  75  mgm.  a  day, 
latei-  I'aised  to  300  mgin.  a  day  on  which  he  remained  for  one  month  without 
showing  any  extrapyramidal  symptoms  and  requiring  no  further  trihexyphenidyl. 

Th(>  fourth  patient  is  a  20  year  old  student,  who  while  at  college  in  the  Spring 
of  1958  had  an  acute  psychotic  reaction  for  which  he  was  hospitalized  in  another 
city.  Among  his  symptoms  then  was  manneristic  behavior,  including  frequent 
falling  to  the  ground.  He  received  no  drugs  during  that  time.  In  the  Summer  of 
1958  he  returned  to  his  home  in  New^  York  and  began  psychotherapy.  In  Decem- 
ber, 1958,  the  patient  became  quite  agitated  so  that  his  therapist  referred  him  to 
the  P.sychosomatic  Ser\ice  for  admission.  He  also  placed  him  on  prochlorperazine 
'.}{)  mgm.  twice  daily.  I'i\'e  days  after  he  had  begun  drug  therapy  he  was  inter- 
viewed in  the  hospital  piior  to  admission  to  the  ward.  On  the  previous  day  he 
had  taken  an  additional  100  mgm.  of  prochlorperazine.  He  had  thus  had  350 
mgm.  of  prochlorperazine  in  a  ii\  e  day  period.  On  the  morning  of  the  fifth  day 
he  was  restless  and  increasingly  verbose  and  after  several  hours  noted  the  in- 
^'oluntal■v  elevation  of  his  right  arm.  There  was  rotation  of  the  upper  part  of  the 
trunk  which  was  controlled  when  the  patient  bent  at  the  waist.  Two  hours  later 
while  l)eing  interviewed,  both  arms  moved  in  irregular  and  bizarre  patterns, 
while  there  was  a  spasm  of  the  back  resulting  in  stiffening  of  the  entire  vertebral 
column.  All  these  movements  could  be  controlled  with  effort,  though  only  mo- 
mentarily. There  was  some  grimacing  but  no  involvement  of  speech.  During 
these  contortions  the  patient  stated  that  he  had  been  in  bad  shape  before  but 
now  was  really  gone.  He  felt  that  the  stooped  position  he  had  assumed  meant 
that  he  wished  to  return  to  the  womb.  He  told  the  interviewing  doctor  that  she 
need  not  fear  his  flailing  arms,  that  he  wovild  not  attack  her  like  he  had  attacked 
his  previous  female  therapist.  The  patient  was  told  to  lie  down,  with  relief  of 
symptoms,  and  w'as  given  5  mgm.  of  trihexyphenidyl  which  he  had  difficulty 
swallowing.  Twenty  minutes  later  he  was  symptom  free  and  when  told  that  his 
symptoms  were  due  to  the  drug,  he  burst  into  tears  and  said,  "You  mean  its  not 
me.  I  thought  I  was  gone  completely."  Since  then  he  has  been  maintained  on 
00  mgm.  of  prochlorperazine  and  21^2  rngm.  of  trihexyphenidyl  per  day  without 
recuiTence  of  symptoms. 

The  last  patient  is  a  23  year  old  single  man  with  a  long  history  of  poor  social 
adjustments,  who  became  ovei  tly  delusional  at  the  age  of  16  and  has  been  re- 
ceiving supportive  psychotherapy  since  then.  Several  months  ago  the  delusional 
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I'oiitciil  Ix'cainc  more  inlciisc  and  the  patient  was  liospitalized  at  aiuither  hospital 
for  eight  weeks.  Prior  to  transfer  to  The  Mount  Sinai  Hospital,  he  became  agi- 
tated and  received  300  mgm.  of  chlorproniazine  over  a  three  day  p(!riod  wliich 
was  discontinued  on  his  arrival  here.  On  admission  to  the  psychosomatic  ward  he 
appeared  acutely  disturbed.  He  thought  that  he  was  in  a  concentration  camp, 
that  he  had  concluded  a  pact  with  the  devil,  and  that  he  had  been  turned  into  a 
robot.  After  a  two  week  period  of  observation  he  was  started  on  prochlorperazine. 
After  receiving  100  mgm.  over  a  twenty-four  hour  period  he  noted  difficulty  in 
opening  his  mouth.  His  upper  lip  was  pulled  to  the  left  and  the  lower  lip  and  jaw 
were  pulled  to  the  right.  The  speech  was  slurred  though  there  was  no  impaired 
movement  of  the  tongue.  He  did  not  mention  his  condition  to  anyone  for  two 
hours  because  he  thought  it  would  go  away.  When  he  did  speak  to  the  staff  he 
appeared  quite  anxious.  He  was  reassui'ed  and  given  5  mgm.  of  trihexyphenidyl 
with  improvement  of  symptoms  within  twenty  minutes  and  disappearance  of 
symptoms  within  an  hour.  Since  then  he  has  been  maintained  on  80  mgm.  of 
prochlorperazine  and  5  mgm.  of  trihexyphenadyl  per  day  without  recurrence  of 
symptoms. 

DISCUSSION 

The  extent  of  the  dyskinesias  can  vary  from  a  transient  increase  in  the  tonus  of 
an  isolated  muscle  group  to  involvement  of  the  entire  musculature  producing 
the  picture  of  advanced  tetanus.  The  head  and  neck,  including  speech  and  swal- 
lowing mechanisms,  are  most  frequently  involved.  The  shoulder  girdle  and  back 
are  less  often  affected  and  it  is  uncommon  for  the  legs  and  forearms  to 
be  involved.  Though  more  frequently  unilateral,  bilateral  symptomatology 
occurs.  Oculogyric  spasms,  trismus,  torticollus,  opisthotonus,  carpopedal  spasm, 
and  tremors  resembling  Jacksonian  seizures  are  all  seen  as  a  result  of  phenothia- 
zine  medication.  Hyperpnea,  sweating,  pallor,  and  occasionally  fever  may  accom- 
pany the  motor  disturbances.  This  condition  has  been  mistaken  for  tetanus, 
tetany,  hysteria,  catatonia,  encephalitis,  meningitis,  and  bi'ain  tumor.  The 
symptoms  usually  have  a  sudden  onset.  During  a  single  episode  the  symptoma- 
tology may  be  quite  changeable.  Milder  attacks  are  often  self-limited,  lasting 
from  a  few  minutes  to  several  hours,  and  the  symptoms  may  be  under  some 
voluntary  control.  The  symptoms  often  disappear  while  the  patient  is  recumbent, 
only  to  recur  whenever  he  arises.  In  severe  attacks  the  patient  has  no  control 
over  his  movements  and  the  symptoms  may  last  for  days  unless  treated.  In  all 
cases  the  symptoms  eventually  stop  and  no  lasting  consequences  of  this  reaction 
have  been  reported  (2).  The  dyskinesias  differ  from  the  Parkinsonian  syndrome 
not  only  by  the  type  and  fluctuance  of  the  symptoms,  but  also  by  the  time  of 
onset.  A  great  majority  of  the  dyskinesias  occur  within  three  days  after  ti'eat- 
ment  has  begun  and  it  is  rare  after  the  first  week  unless  there  has  been  an  in- 
crease in  dosage,  while  most  Parkinsonism  occurs  between  the  second  and  fourth 
week  (3). 

The  incidence  of  dyskinesias  is  related  to  the  specific  drug  that  is  used.  The 
phenothiazines  can  be  divided  into  two  main  chemical  groups.  The  dimethyl 
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(leri\-ati\Ts  of  plioiiothiazinc  include  chlorproinazine,  promazine,  and  triflu- 
promazine,*  while  the  piperazine  derivatives  include  prochlorperazine,  tri- 
fluoperazine,! perphenazinej  and  thiopropazate§.  The  second  group  is  the  more 
potent  in  that  a  smaller  weight  of  the  drug  is  needed  for  a  therapeutic  efTect  and 
ill  general,  this  group  produces  the  most  extrapyramidal  symptoms.  Thus 
dyskinesias  with  chlorpromazine  and  promazine  are  quite  rare,  though  more 
cases  are  reported  with  triflupiomazine;  while  in  well  ol)served  series  there  is  a 
10  per  cent  incidence  of  dyskinesias  with  prochlorperazine  and  a  20  per  cent 
incidence  with  trifluoperazine  and  perphenazine  (3,  4).  It  is  claimed  that  these 
symptoms  are  a  function  of  dosage  but  dyskinesias  occur  frecjuently  at  low- 
dosages.  Thus  our  third  case  had  only  50  mgm.  of  prochlorperazine,  while  cases 
after  3  mgm.  of  trifluoperazine  are  common  (4).  On  the  other  hand  our  first  and 
fourth  case  became  symptomatic  after  they  had  taken  additional  doses  of  medi- 
cation. 

There  is  a  ([uestioii  whether  the  personality  of  the  patient  influences  the  in- 
cidence of  dyskinesias.  It  is  the  impression  of  the  author  of  a  series  from  a  Surgical 
Service  where  prochlorperazine  was  used  to  control  vomiting  that  the  patients 
who  developed  dyskinesias  were  chronic  complainers  who  were  hyperreactive  to 
pain  liefore  they  received  the  medication  (5).  The  possibility  of  suggestion  is 
indicated  in  a  report  of  three  adolescents,  all  taking  chlorpromazine,  who  shared 
a  room  and  who  all  developed  dyskinesias  within  two  weeks,  though  each  patient 
showed  different  symptoms  (6).  Two  of  our  cases  on  the  ward  occurred  even 
closer  temporally.  It  appears  that  the  incidence  of  dyskinesias  may  be  higher  in 
the  younger  age  groups  and  among  males.  However,  there  is  no  real  evidence  as 
to  what  indi\'idual  factors  contribute  to  the  development  of  dyskinesias.  For  the 
most  part,  the  reaction  seems  to  be  due  to  the  action  of  the  drug  itself,  as  w^as 
shown  in  a  study  where  symptoms  were  reproduced  by  disguised  medication  but 
not  by  placeboes  in  a  patient  who  had  shown  dyskinesias  previously  (7). 

The  generally  recommended  management  of  the  acute  attack  consists  of  with- 
holding the  drug  in  mild  cases  and  giving  anti-Parkinsonian  drugs  for  the  more 
severe  reactions.  Our  experience  with  trihexyphenidyl  has  been  good,  but  others 
have  reported  that  procyclidine  hydrochloride jj  and  benztropine  methanesul- 
fonate^  are  more  effective  (4,  8).  There  have  been  dramatic  responses  with  in- 
travenous caffeine  sodium  benzoate  (1).  Good  results  have  also  followed  the 
intramuscular  or  intra\'enous  use  of  barbiturates,  often  to  the  point  of  sleep, 
though  large  doses  are  required  and  the  symptoms  sometimes  have  recurred 
after  the  patient  has  awakened.  Our  first  case  showed  a  good  response  after 
dephenhydramine  hydrochloride;  this  may  have  been  due  to  the  anti- 
parkinsonian action  which  this  drug  has  or  it  may  have  been  coincidental.  If 
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the  syinploms  were  mild,  once  the  acute  attack  has  passed  the  picxious  dosage 
of  phenothiazine  medication  may  often  be  resumed  without  causing  symptoms 
again.  However,  reciu'rent  attacks  are  not  rare  and  may  occur  whenever  the 
drug  is  reintroduced  at  a  later  date  (9).  Lowering  the  dosage  fre([ueiitly  prevents 
recurrences.  After  a  more  severe  attack,  or  if  symptoms  recur,  t  he  patient  can  be 
changed  to  a  phenothiazine  which  has  a  lower  incidence  of  dyskinesias  or  be 
maintained  indefinitely  on  anti-Parkinsonian  drugs. 

Reports  from  state  hospitals  and  non-psychiatric  services  have  stressed  the 
lack  of  anxiety  that  patients  display  despite  severe  symptomatology.  We  have 
not  found  this  to  be  true.  Particularly  in  our  second  and  fourth  case,  both  of 
whom  had  received  psychotherapy  before  they  took  medication,  anxiety  was  a 
prominent  feature.  Both  these  patients  felt  that  the  loss  of  muscular  control 
they  experienced  indicated  a  grave  psychological  condition.  Our  third  patient 
tried  to  gWe  the  dynamic  meanings  of  his  contortions.  This  type  of  reaction  is 
to  be  anticipated  in  a  patient  in  active  psychotherapy  and  may  also  be  seen  in 
the  non-psychiatric  patient.  The  sudden  onset  of  strange  movements  over  which 
he  has  no  control  and  which  remind  him  of  no  known  physical  condition  will 
produce  a  great  disturbance  if  the  patient  is  at  all  given  to  psychological  con- 
templation. The  prompt  recognition  and  reassurance  by  the  physician  that  drugs 
and  not  an  aberration  of  the  patient's  psyche  are  responsible  can  be  a  tremendous 
relief  to  a  patient  who  believes  he  is  losing  his  mind  because  of  his  symptoms.  It 
may  be  advisable  to  mention  the  possibility  of  dyskinesias  at  the  time  the  drug 
is  introduced.  When  the  physician  is  not  at  all  times  available,  as  in  a 
clinic  setting,  or  when  it  is  anticipated  that  factors  in  the  patient  will  make  him 
hesitate  to  call  his  doctor  promptly  if  symptoms  should  occur,  as  with  our  last 
case,  the  patient  should  be  warned  ahead  of  time  in  order  to  spare  him  the  anxiety 
he  will  feel  until  he  contacts  his  physician.  Some  institutions  now  routinely  add  an 
anti-Parkinsonian  drug  whenever  a  phenothiazine  is  given,  but  in  view  of  the 
benign  nature  of  the  dyskinesias  this  does  not  seem  indicated. 

In  conclusion,  one  can  expect  to  see  many  more  of  these  reactions,  with  their 
bizarre  and  confusing  manifestations  as  newer  and  more  potent  drugs  are  intro- 
duced and  used.  If  the  dyskinesias  are  kept  in  mind  and  anticipated  they  should 
present  no  real  problems  to  either  the  patient  or  his  physician. 

SUMMARY 

Five  cases  of  dyskinesia  following  therapy  with  phenothiazine  derivatives  are 
presented. 

The  syndrome  is  described  and  attention  is  called  to  the  prompt  response  to 
anti-Parkinsonian  medication  and  the  importance  of  reassuring  the  patient  when 
symptoms  occur. 
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INVERTED  DUODENUM  WITH  DUODENAL  ULCER: 
CASE  PRESENT A1^  I  ( )  X 


EUGENE  L.  KOMRAl),  Pii.l).,  M.I). 

New  York,  N.  Y. 

Oil  the  very  active  riuliologieal  service  at  The  Mount  Sinai  llo.'^pital,  the 
finding  of  an  inverted  duodenum  is  so  unusual  that  a  single  occurrence  warrants 
special  mention.  When  this  anatomical  variant  is  complicated  by  the  presence  of 
a  duodenal  ulcer  and  hypertrophied  mucosal  folds,  the  resultant  roentgenograms 
are  frequently  so  bizarre  that  their  interpretation  may  be  quite  difficult. 

CASE  PRESENTATION 

K.  B.  (*  117467)  was  a  55  year  old  white  male  cabinet  maker,  who  entered  the  hcspital 
with  a  six  month  historj'  of  non-radiating  epigastric  pain  occurring  between  meals  and 
especially  at  night.  At  the  onset  of  the  illness,  the  pain  was  relieved  by  the  ingestion  of 
food  and  antacids,  but  later  became  resistant  to  these  simple  measures,  and  relief  could 
be  obtained  only  with  narcotics.  Two  weeks  prior  to  admission,  the  patient  began  to  vomit 
after  each  meal.  There  was  no  melena  or  weight  loss.  Physical  examination  was  completely 
negative. 

Gastric  analysis  revealed  a  fasting  level  of  18°  total  acid  and  0°  free  acid  which  rose  after 
histamine  to  108°  total  acid  and  84°  free  acid.  The  hemogloljin  was  13.0  grams  %,  white 
blood  cell  count  6,550  ])er  cu.  mm  with  a  normal  differential  count.  The  urinalysis  was 
likewise  within  normal  limits. 

The  roentgenographic  findings  are  depicted  in  Figure  1.  It  will  be  noted  that  in  the  first 
portion  of  the  duodenum  there  is  a  filling  defect  and  a  pseudodiverticulum.  The  second 
and  third  portions  of  the  duodenum  then  turn  superiorly,  rather  than  inferiorly,  and  swing 
to  the  right,  rather  than  the  left,  so  that  the  third  portion  lies  .superior  to  the  first  portion. 

At  operation  a  large  penetrating  ulcer  located  on  the  supcridr  liorder  of  the  first  portion 
of  the  (hiodenimi  was  demonstrated*.  Dense  inflammatory  adhesions  bound  together  into  a 
conglomerate  mass  the  ulcer  bearing  duodenum,  the  transverse  colon,  and  the  third  por- 
tion of  the  duodenum.  Delineation  of  the  anatomy  was  difficult  and  required  tedious  sharp 
dissection.  The  position  of  the  pancreas  was  inverted  but  bore  normal  relationship  to  the 
curve  of  the  duodenum.  The  first  portion  of  the  duodenum  was  so  elongated  that  8  cm. 
were  measured  in  the  operative  specimen.  Operation  consisted  of  a  partial  gastrectomy 
of  the  Hofmeister  variety  with  retrocolic  gastrojejunal  anastomosis,  plus  an  infradiaphrag- 
matic  vagotomy.  The  patient  tolerated  the  procedure  well. 

The  surgical  specimen  consisted  of  a  partially  resected  stomach.  It  measured  22  cm. 
along  the  greater  curvature,  17  cm.  along  the  lesser,  and  8  cm.  in  diameter  along  the  proxi- 
mal resected  edge.  A  long  segment  of  duodenum,  measuring  8  cm.  in  length  was  attached. 
The  serosal  surface  near  the  duodenal  resected  edge  showed  a  large  area  of  marked  fibrosis 
with  adhesions  and  induration.  The  mucosal  surface  1.5  cm.  from  the  duodenal  resected  edge 
showed  a  large  punched  out  ulcer,  1.7  by  1.4  cm.  The  ulcer  edges  were  elevated  and  the  mu- 
cosal folds  were  arranged  in  a  star-like  fashion.  The  bed  of  the  ulcer  was  deep  and  covered 
with  clotted  blood.  The  underlying  tissues  were  fibrosed  and  markedly  indurated.  The 
p\lorus  was  dilated  and  the  remainder  of  the  stomach  showed  exaggerated  rugal  pattern. 
In  the  lesser  omentum  there  were  several  enlarged  lymph  nodes.  Final  diagnosis:  Large 
chronic  peptic  ulcer  of  duodenum  (Figure  2). 

Post  operatively,  the  patient's  course  was  cDmplicated  l)y  a  prolonged  felirile  episode 

From  the  Department  of  Surgery,  The  Mount  Sinai  Hcxspital,  New  York,  N.  Y. 
*Operation  perfornie<l  by  Dr.  John  (iarlock. 
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Fig.  2.  Photograph  of  operative  specimen  indicating  the  penetrating  ulcer  at  right  side 
of  photograph  and  greatly  elongated  first  portion  of  duodenum. 


accompanied  b>' a  discharge  of  jnirulent  material  from  the  drain  site  (to  the  right  sub-he- 
patic area).  With  penicillin,  Chloromycetin,  and  erythromycin,  and  daily  saline  irrigations  of 
the  drain  site,  the  infection  resolved  and  the  leukocytosis  and  temperature  returned  to 
normal  limits.  At  no  time  was  there  drainage  of  duodenal  contents.  The  patient  was  dis- 


INVKHTIOI)   DIODKM'M    WITH    DUODENAL  ULCER 


449 


dialled  on  tlic  JTlli  pdsl  (ipcrativc  day.  Wlifii  seen  iccoiitly,  on  Jan.  21,  1959,  tlui  paliciil 
was  I' roc  ot  syinpl  (iins  and  I  lii'  opci'a t  i vc  wound  was  solidly  licalcd . 

DISCUSSION 

Inversion  of  the  duodoiuini  is  a  consonital  anomaly  involvinfj;  the  second  and 
third  portions  of  the  (hiodenuni.  In  a  I'eview  of  the  availal)le  hterature,  Rozek 
and  Graney  (1)  found  55  reported  cases.  Since  that  time,  Haedicke  and  Gonzalez 
(2)  and  Galanihos  (3)  reported  two  additional  cases.  The  present  communication 
l)rings  the  total  number  of  reported  cases  to  approximately  58.  Feldman  and 
Morrison  (4),  in  a  comprehensive  review  of  the  subject,  report  an  incidence  of 

0.  7  per  cent  in  20,000  gastrointestinal  roentgen  examinations.  The  anomaly 
occurs  more  frecjuently  in  males,  approximately  70  per  cent,  to  30  per  cent  in 
females  (2). 

Feldman  and  Morrison  (4)  classify  inverted  duodenum  into  fovn*  types,  de- 
pending upon  the  degree  of  inversion  and  malrotation.  In  the  first  a  complete 
inversion  of  the  duodenvnn  is  observed.  The  entire  duodenal  curve  is  absent  and 
its  course  and  direction  are  completely  changed.  In  the  second  type,  the  inversion 
takes  place  in  the  second  portion  of  the  duodenum,  and  the  duodenal  curve  is 
similar  to  the  one  demonstrated  herein.  The  third  type  reveals  a  similar  inversion 
to  the  second  type,  and  a  marked  redundancy  of  the  superior  duodenum.  The 
last  type  has  inversion  of  the  duodenum  in  addition  to  a  congenital  non-rotation 
of  the  intestine.  The  present  case  falls  into  the  third  type  of  their  classification, 
that  of  inversion  at  the  second  portion  with  redundancy  of  the  first  portion.  The 
anomaly  is  l)elieved  to  be  a  result  of  the  persistence  of  the  dorsal  mesentery  with  a 
mobile  duodenum  (5).  Although,  clinically,  these  patients  may  have  symptoms 
suggestive  of  ulcer,  roentgen  evidence  of  peptic  ulceration  is  not  a  frequent 
finding  (1,  4).  When  duodenal  ulceration  does  occur,  the  response  to  conserva- 
tive medical  management  is  usually  excellent.  Judging  from  the  reports  in  the 
literature,  it  is  (juite  unusual  to  have  an  inverted  duodenum  with  ulcer  requiring 
surgical  intervention  for  relief.  The  reason  for  this  differentiation  is  not  apparent. 

SUMMARY 

A  case  is  presented  of  an  inverted  duodenum  with  a  penetrating  ulcer  of  the 
first  portion  and  pseudodivertieuhun  formation.  Several  unusual  features  of  this 
anomaly  are  discussed. 
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Neu'  York,  N.  Y. 

Since  knowledge  concei-ning  serotonin  und  its  role  in  normal  and  disease  states 
is  rapidly  expanding,  although  it  is  presently  (juite  incomplete,  and  since  what 
knowledge  we  do  have  about  this  substance  implicates  it  in  many  areas,  it  is 
worthwhile  to  precede  a  discussion  of  serotonin  and  its  action  in  the  gut  per  se  by 
review  of  a  variety  of  aspects  of  the  substance. 

Interest  in  serotonin  started  in  1911  during  the  course  of  studies  searching  for 
the  mechanism  of  arterial  hypertension.  O'Connor  (1,  2),  then  trying  to  measure 
the  adrenalin  content  of  blood  by  studying  its  effect  on  the  gut,  noted  in  defibri- 
nated  l>lood  the  presence  of  another  substance  which  counteracted  the  effects  of 
adrenalin  on  the  gut,  but  which  disappeared  on  perfusion  of  the  blood  through 
lung  (3),  kidney  and  spleen  (4).  Adrenalin,  he  noted,  relaxed  the  gut  whereas  the 
unknown  substance  had  just  the  opposite  effect.  It  was  further  observed  that  this 
substance (s)  was  dialyzable  and  heat  stable,  and  also  had  strong  vasoconstrictor 
properties  (5,  6).  Even  before  these  observations  the  presence  of  vasoconstrictor 
substances  in  clotted  blcjod  was  recognized  by  Stevens  and  Lee  (7).  Subse- 
quently, it  was  noted  that  ergotamine  reversed  the  vasoconstrictive  action  of 
defibrinated  blood  (8)  and  more  recently  this  has  been  confirmed  in  the  case  of 
serotonin  (9).  In  the  years  following  these  initial  observations  a  number  of 
studies  wei"e  reported  further  characterizing  the  properties  of  this  unidentified 
substance  in  the  blood  (10-12). 

In  1933  Erspamer  and  his  associates  (13)  began  to  report  their  observations 
on  a  substance  which  they  named  enteramine  (later  found  to  be  identical  to 
serotonin)  obtained  in  extracts  of  rabbit  gastric  mucosa.  This  substance,  they 
felt,  originated  from  the  enterochromaffin  cell  system,  and  they  demonstrated 
that  it  was  quite  widespread  in  nature  (14).  At  that  time  and  subsequently, 
serotonin  has  been  demonstrated  to  be  present  in  wasp  \'enom  (15),  tentacles  of 
sea  anemones,  the  plant  cowhage  (and  is  here  held  responsible,  even  to  a  greater 
degree  than  histamine,  for  the  itching  and  pain  which  result  on  contact  with  this 
plant  (16)),  nettles  (17),  scorpion  venom  (18),  tropical  toad  venom  (19),  and 
certain  other  marine  creatures  (20-22),  and  to  a  considerable  extent  in  the  liver 
fluke,  Fasciola  hepatica  (23).  In  1953  Lembeck,  pursuing  further  the  work  of 
Erspamer  which  indicated  that  enteramine  (serotonin)  originated  from  argen- 
taffin cells,  assayed  an  argentaffinoma  (carcinoid  tumor)  and  did  indeed  find 
very  large  amounts  of  this  substance  present  (24).  Rapport  and  associates  iso- 
lated serotonin  and  demonstrated  its  structure  (25,  26),  and  soon  thereafter  Ham- 

From  the  Department  of  Medicine,  Division  of  Gastroenterology,  The  Mount  Sinai 
Hospital,  New  York,  N.Y. 
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liii  and  l'"ishrr  (27)  synthesized  it.  Tliorson  and  associates  then  reported  a  series 
of  cases  illustrating  the  syndi'ome  now  recof^nized  and  accepted  to  be  caused  by 
functioning  carcinoid  tumors  (28).  Various  features  of  such  cases  had  beeii 
sporadically  reported  a  number  of  years  l)efore  but  had  never  been  grouped 
together  and  appr(>ciated  as  a  specific  entity.  Soon  after  the  report  of  Thorson 
and  associates,  Sjoerdsma,  Weissbach,  and  Udenfriend  report(^d  additional  cases 
and  indicated  many  details  of  the  metabolic  aberration  involved  (29),  and  from 
them,  particularly  I'denfriend,  has  since  come  a  steady  stream  of  basic  chemical 
and  biological  studies  pertinent  to  the  indolealkylamines. 

Since  1950  study  of  serotonin  has  engendered  great  interest  and  the  subject  in 
all  of  its  aspects  was  fir.st  reviewed  by  Page  in  1954  (30)  when  he  listed  158  refer- 
ences in  his  comprehensive  review.  Again  in  1958  he  reviewed  the  developments 
pertinent  to  serotonin  reported  since  his  first  paper,  and  in  this  latest  review  he 
lists  529  references  (31).  Some  of  the  various  roles  or  actions  in  which  serotonin 
has  been  implicated  are:  anaphylaxis  (32),  allergy  (33),  histamine  elaboration 
(34),  blood  clotting  and  bleeding  (35),  control  of  water  retention  by  the  kidneys 
(antidiuretic  action)  (3G),  production  of  bilateral  renal  cortical  necrosis  (37), 
hypertension  (38),  myocardial  (39)  and  pulmonary  infarctions  (40,  41),  massive 
thromboembolic  disease  (101)  bronchial  constriction  (42),  bronchial  adenoma 
(43),  pellegra  (44),  mental  disease  (45,  4G),  hepatic  coma  (102),  dysautonomia 
(47),  and  finally  gut  function,  both  secretory  and  motor. 

In  spite  of  this  wide  array  of  conditions  and  actions  in  which  serotonin  has 
been  purported  to  be  involved,  it  has  been  shown  definitely  to  play  a  specific 
role  in  body  function  in  a  proven  and  understandable  manner  in  only  one  condi- 
tion, the  carcinoid  syndrome,  where  it  produces  most  of  the  signs  and  symptoms 
which  we  associate  with  this  entity  (29).  There  is  no  (juestion  but  that  it  plays 
a  part  at  least  in  some  way  in  other  pathological  conditions  involving  the  gut. 
This  is  suggested  by  the  finding  of  increased  urinary  excretion  of  its  metabolite, 
5-hydroxyindoleacetic  acid  (5-hiaa),  in  sprue  and  Whipple's  disease  during 
exacerbation,  and  by  the  decrease  in  this  substance  during  remission  (48-50). 
Urinary  levels  of  5-hiaa  have  also  been  found  to  be  markedly  diminished  after 
extensive  resection  of  segments  of  intestine  (49).  Furthermore,  an  aberration 
in  serotonin  metabolism  has  been  suggested  by  Donaldson  and  CJray  to  occur  in 
cirrhosis  of  the  liver  (51).  No  alterations  in  blood  serotonin  or  urine  5-hiaa 
levels,  however,  have  been  noted  in  regional  enteritis  or  ulcerative  colitis  (48-50). 
There  is  no  exact  knowledge  of  the  place  of  serotonin  in  the  pathophysiology  of 
these  conditions,  nor  has  its  role  in  normal  gut  function  been  well-defined.  Re- 
search in  this  field  is  still  in  the  exploratory  stage  and  obser\'ations  as  yet  are  too 
few  and  poorly  integrated  to  present  a  clear  picture. 

It  has  been  demonstrated  in  animals  that  most  (but  probably  not  all)  of  the 
serotonin  produced  in  the  body  originates  from  the  gut,  and  this  appears  to  hold 
true  for  man  also.  Haverback  and  Davidson  noted  an  absence  of  significant 
amounts  of  serotonin  and  5-hiaa  in  a  patient  whose  small  and  large  intestine 
had  been  almost  entirely  resected  (49).  Serotonin  is  found  in  many  species  but 
not  in  those  whose  intestinal  tract  has  no  argentaffin  cells  (52).  Erspamer,  using 
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a  very  sensitive  isolated,  atropinized,  estrous  rat  uterus  assay  method  made 
extensive  surveys  of  the  serotonin  content  of  stomach,  small  and  large  intestine, 
spleen  and  serum  in  a  variety  of  mammals.  He  found  great  variation  from  one 
species  to  another  and  from  one  part  of  the  gut  to  another  in  the  same  species. 
In  general,  it  appears  that  serotonin  is  present  in  greatest  concentrations  in  the 
areas  where  argentaffin  cells  are  most  numerous.  Study  of  the  wall  of  the  gut  in 
the  dog  demonstrated  that  serotonin  was  not  present  in  the  muscularis  but  did 
occur  in  the  mucosa.  It  was  found  in  the  mucosa  in  amounts  between  4  and  10 
Mg.  gm.  and  it  was  noted  to  be  in  highest  concentration  in  the  mucosa  of  the 
pyloris  and  only  in  traces  in  the  esophagus  (53). 

Over  ninety  per  cent  of  body  serotonin  is  in  the  blood  or  gut  wall  (54).  Prac- 
tically all  of  the  serotonin  in  the  blood  is  carried  by  the  platelets  (55).  Plasma 
contains  almost  no  serotonin.  In  man  normal  blood  values  are  of  the  order  of 
0.1  to  0.3  ng./m\.  (29).  Extracts  of  whole  blood  from  the  portal  vein  studied  by 
Toh  were  found  to  contain  three  times  as  much  serotonin  as  did  arterial  blood, 
and  it  was  found  that  serotonin  was  released  into  the  perfusate  upon  perfusing 
stomach  and  small  bowel  (5()). 

Early  studies  of  some  of  the  properties  of  serotonin  in  the  gut  indicated  that, 
when  administered  to  animals  e\  en  under  deep  anesthesia,  its  most  pronounced 
effects  are  stimulation  of  defecation,  increased  peristalsis,  and  increased  tone  of 
the  bladder  wall  (30).  Its  action  upon  guinea  pig  ileum  was  noted  to  be  blocked 
by  atropine  and  partially  blocked  by  nicotine  and  was  felt  to  be  cholinergic. 
Some  studies  of  the  contraction  of  isolated  guinea  pig  ileum  when  exposed  to 
serotonin  demonstrated  a  tachyphylactic  type  of  reaction.  In  spite  of  the  tachy- 
phylactic  reaction,  the  gut  remained  responsive  to  histamine,  acetylcholine, 
pilocarpine  and  nicotine.  Serotonin  action  was  not  blocked  in  the  guinea  pig 
gut  by  hexamethonium  but  was  blocked  by  cocaine.  It  was  then  concluded  that 
the  action  of  serotonin  was  on  the  post-ganglionic  fibers  of  the  intramural  nervous 
system  in  the  gut,  acting  more  peripherally  than  nicotine  (57). 

Among  a  number  of  interesting  observations  concerning  tryptamine  was 
Reed's  report  that  the  intravenous  administration  of  tryptamine  (which  has 
actions  quite  similar  to  those  of  serotonin)  produced  an  increase  in  portal  pressure 
in  dogs  (58,  59). 

Early  methods  for  assay  of  serotonin  were  biological  and  were  dependent  upon 
the  contraction  of  smooth  muscle  of  a  variety  of  animals  exposed  to  serotonin. 
Among  many  methods  particularly  useful  and  popular  were  those  utilizing  guinea 
pig  ileum  (57),  rat  uterus  (60),  rat  colon  (53),  perfused  rabbit  ear  (61),  clam 
heart  (62),  and  sheep  carotid  artery  rings  (63).  In  recent  yeai-s  these  methods  to 
a  great  extent,  but  not  entirely,  have  been  superseded  by  chemical  methods  of 
analysis  which  have  consisted  of  color  reactions  with  the  end  point  measured  by 
spectrophotofluorometry  (64)  in  the  case  of  serotonin,  or  by  spectrophotometry 
in  the  case  of  the  metabolite,  5-hiaa  (65).  Chromatography  has  also  been 
utilized  with  success.  By  these  means  both  tissues  and  biological  fluids  have  been 
assayed  (64,  65).  In  the  hands  of  some  workers,  however,  biological  methods  of 
assay  have  continued  to  be  accurate  and  useful. 
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As  noted  al)()V(',  plasma  contains  almost  no  sciotonin;  oxer  ninety-nine  per 
cent  of  the  substance  is  carried  by  platelets.  l']xactly  how  it  is  carried  by  platelets 
has  not  definitely  been  shown  bnt  th(>  material  thus  transported  is  considered  to 
be  "bound."  There  seems  to  he  no  unanimity  of  opinion  as  to  whether  the 
"bound"  serotonin  in  blood  or  the  extremely  minute  amounts  of  "free"  serotonin 
in  the  blood  is  ttie  physiolofi;ically  active  form  (29).  Similarly,  there  are  specula- 
tions regaicling  "bound"  and  "free"  serotonin  in  the  tissues.  Studies  involving 
measurements  of  serotonin  in  blood,  serum  or  plasma  are  often  difficult  to  inter- 
pret, not  only  because  of  different  methods  of  analysis  and  different  standards  in 
various  laboratories,  but  also  because  analyses  in  some  cases  are  done  on 
platelet  free  material  and  in  others  the  presence  or  absence  of  platelets  is  not 
specified.  The  chemical  tests  for  quantitation  of  these  substances  are  extraction 
processes  which,  as  noted,  finally  revolve  around  the  development  of  a  color 
when  serotonin  or  the  metabolite  is  allowed  to  react  with  the  appropriate  reagent. 
Certain  substances  lower  the  amounts  of  5-hiaa  measurable  in  the  urine  both  in 
normal  individuals  and  in  patients  with  the  functioning  carcinoid  syndrome. 
These  substances  are:  compazine,  sparine,  phenergan,  and  chlorpromazine. 
They  appear  to  lower  the  measurable  amounts  of  5-hia.\  in  the  urine  not  by 
interfering  with  the  metabolism  of  serotonin,  but  rather  by  interfering  with  the 
development  of  the  color  reaction,  yielding  falsely  lowered  values  (66,  67). 
Bananas,  on  the  other  hand,  increase  the  actual  amount  of  5-hiaa  excreted  in 
the  urine  (68,  ()9).  They  do  this  apparently  because  they  provide  fairly  large 
amounts  of  serotonin,  an  average  banana  containing  approximately  4  mg.  of 
the  substance  in  its  pulp.  Normal  24  hour  urinary  excretion  of  5-hiaa  ranges 
approximately  between  1  and  8  mg.,  with  slight  variations  in  the  values  depend- 
ing upon  minor  differences  in  technique  in  different  laboratories  (29,  48,  50). 

Until  recently  it  was  thought  that  degradation  to  5-hiaa  was  the  major  final 
common  pathway  for  serotonin.  However,  it  now  appears  that  conjugation  with 
glucuronide  (70)  and  possibly  sulfate  (71)  also  are  important  metabolic  pathways 
for  serotonin  degradation,  although  not  as  much  is  transformed  to  these  sub- 
stances as  goes  to  5-hiaa.  Donaldson  and  Gray  showed  that  levels  of  urinary 
5-hiaa  in  cirrhosis  of  the  liver  were  the  same  as  in  normal  individuals.  However, 
after  giving  serotonin  precursor,  5-hydroxy tryptophan,  intravenously  to  normal 
individuals,  about  thirty  per  cent  of  the  administered  substance  appeared  in  the 
urine  as  5-hiaa  in  the  ensuing  twenty-four  hours  as  compared  to  sixty-four  per 
cent  in  cirrhotic  individuals  (51).  This  was  taken  to  suggest  that  in  this  situation 
there  was  an  impaired  ability  of  the  liver  to  conjugate  serotonin  with  glucuronide 
(and  sulfate).  This  appears  to  be  a  correct  line  of  reasoning  since  the  administra- 
tion to  rats  of  excesses  of  orthoaminobenzoate,  a  substance  which  is  conjugated 
with  glucuronide,  caused  an  increased  urinary  excretion  of  5-hiaa  (72);  appar- 
ently glucuronide  conjugation  was  competiti^'e  and  hence  less  glucuronide  was 
available  for  conjugation  with  serotonin. 

Studies  of  this  type  which  entail  calculation  of  the  percentage  of  administered 
precursor  recoverable  in  the  urine  as  5-hiaa  must  be  interpreted  with  consider- 
able caution  because  the  amount  of  5-hiaa  excreted  in  the  urine  of  a  test  sub- 
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joct  (man  and  dojf)  varies  from  day  to  day.  These  fluctuations  correlate  to  a 
consideral)le  decree  with  th(>  v()lum(>  of  urin(>  produced. 

Further  implication  of  serotonin  in  H\(-r  disease  has  l)(>en  pi'ovided  by  the 
recently  publislunl  studies  of  Borj>;es  and  associates.  They  observed  improvement 
in  the  almormal  ehn'troencephalosraphic  tracings  of  patients  in  hepatic  coma 
ioilowing  production  of  an  increase  in  the  levels  of  serotonin  in  the  cerebral  circu- 
lation of  these  individuals.  Increasing  serotonin  in  the  cerebral  blood  supply  of 
normal  individuals  caused  no  alterati(ni  in  their  electroencephalographic  record- 
ings (102). 

METABOLIC  PATHWAYS  IN  SEROTONIN  SYNTHESIS  AND  DEGRADATION 

Ingested  tryptophan  is  utilized  in  the  synthesis  of  proteins  and  indoles.  Some 
is  converted  via  kynurenin  to  nicotinic  acid,  a  small  amount  is  changed  to  trypta- 
mine,  and,  in  normal  man,  one  to  three  per  cent  is  converted  to  5-hydroxytrypto- 
phan.  This  latter  reaction  takes  place  in  the  liver,  presumably  under  the  influence 
of  an  enzyme,  hydroxylase,  not  yet  demonstrated  in  man.  In  the  presence  of 
pyridoxal  phosphate  and  decarboxylase  (in  gut,  liver,  brain,  and  kidney), 
5-hydroxytryptophan  is  decarboxylated  to  form  serotonin  (5-hydroxytryptamine, 
5-ht).  Serotonin  then  follows  at  least  two  pathways,  glucuronide  and  possibly 
sulfate  conjugation  in  the  liver,  and  oxidative  deaminati(jn  under  the  influence 
of  monoamine  oxidase  in  many  tissues  and  particularly  liver  and  lung)  to  form 
r)-hydroxyindoleacetic  acid  (5-hiaa)  which  is  excreted  in  the  urine  in  amounts 
which  usually  parallel  fairly  closely  the  blood  serotonin  levels.  Tryptamine  is 
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also  a  sul)s1i-at('  lor  inonoainiiic  oxidase.  Il  is  converted  to  iiidoleacet  ic  acid 
which  is  excreted  in  th(>  urine.  'I'he  def2;ra(la1  ion  ol'  .s(>r()tonin  to  o-hiaa  and  oi 
trvplaniine  to  indolea('(>1  ic  acid  (lOo)  may  l)e  i)loclved  l)y  monoamine  oxidases 
inhibitors  such  as  ipronia/Jd  (2!)-;^0,  7'.i-H\)  (I'ifi;.  1). 

RESERPIXE  AM)  .SEROTONIN 

The  actions  of  reserpine  are  to  a  very  great  extent  intei-relatcd  with  or  niecHated 
1)V  serotonin.  It  has  l)een  shown  in  animals  that  reserpine  liberates  serotonin 
from  tissues  and  blood,  apparently  by  blocking  the  binding  of  serotonin  by  the 
tissues  and  platelets.  In  animals  during  the  coui'se  of  the  response  to  reserpine, 
decreasing  amounts  of  s(M-otonin  can  be  found  upon  analysis  of  gut  mucosa 
studied  at  intervals  following  the  administration  of  reserpine.  After  the  adminis- 
tration of  reserpine  a  very  transient  initial  increase  in  metal)olite  levels  in  urine 
is  seen,  and  then  a  gradual  prolonged  decline  in  levels  occurs  until  a  persistent 
plateau  at  a  low  hwel  is  reached.  This  low  level  represents  the  metaljolic  degrada- 
tion of  the  small  amounts  of  serotonin  which  are  constantly  being  formed  but 
not  bound,  and  which  are  being  metabolized  and  excreted  (77-80).  The  same 
chain  of  events  appears  to  occur  in  liumans  (50,  81).  Langemann  and  Goerre 
noted  the  persistent  finding  in  functioning  carcinoid  cases  of  markedly  increased 
5-HiAA  levels  in  the  urine  after  the  administration  of  reserpine,  whereas  they 
did  not  observe  such  a  response  in  normal  indi\  iduals  (82). 

One  wonders  if  the  occasional  diarrhea  associated  with  reserpine  might  be 
related  in  part  to  alteration  of  the  serotonin  content  of  the  gut  mucosa. 

RESPONSE  IN  MAN  TO  PARENTERAL  ADMINISTRATION  OF  SEROTONIN 

The  following  manifestations  result  in  man  after  the  intravenous  injection  of 
serotonin  (30,  83):  flushing  of  the  extremity  into  which  the  injection  has  been 
given,  hyperpnea,  tachypnea,  amphibaric  blood  pressure  response  (rise  or  fall  in 
blood  presure  depending  upon  the  degree  of  neurogenic  control  present),  tingling 
in  extremeties,  feeling  of  warmth  over  the  face,  nausea,  salix'ation,  lacrimation, 
varying  degrees  of  abdominal  cramps,  vigorous  peristaltic  sounds,  and  the  urge 
to  defecate  and  void.  These  events  occur  within  15  to  20  seconds  after  the  rapid 
intravenous  administration  of  serotonin  and  subside  within  approximately  a 
minute.  Upon  administration  of  serotonin  precursor,  many  of  these  features  of 
the  response  are  absent  or  extremely  mild,  only  the  effects  on  gut  mf)tility  pre- 
dominating. These  occur  within  six  to  forty  minutes  after  the  intravenous  admin- 
istration of  serotonin  precursor  and  persist  for  at  least  90  minutes  (49). 

GASTRIC   VASCULAR   EFFECTS    OF   SEROTONIN  PRECURSOR 

Serotonin  precursor  given  intraA'eiujusly  in  large  amounts  (of  the  order  of  300 
Mg./Kg.)  in  rats  produced  hemorrhagic  gastric  ulcerations  after  a  period  of 
approximately  three  hours.  Chlorpiomazine  protected  the  animals  from  this 
effect,  which  apparently  w'as  the  result  of  ischemia  from  intense  vasoconstriction 
(84).  Gastric  or  duodenal  ulceration  has  been  noted  in  approximately  38  per 
cent  of  functioning  carcinoid  cases  (85)  and  is  presumably  on  this  basis.  It  is 
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certainly  worthy  of  note  that  the  gut  appears  to  be  the  most  sensitive  site  in  the 
hod}-  to  the  action  of  serotonin  oi'  its  precursor,  and  that  very  small  amounts  of 
these  substances,  insutticient  to  produce  measurable  responses  on  the  part  of 
other  organs  or  structures,  do  evoke  a  response  in  the  gut  (49). 

ANIMAL  SECRETORY  STUDIES 

Haverback  and  associates,  upon  administering  serotonin  intraA'enously  in 
doses  up  to  10  ng.  Kg.  min.  to  dogs  with  Heidenhain  pouches,  noted  no  signifi- 
cant ei!"ect  on  gastric  acid  secretion.  Howe\'er,  in  larger  doses,  40  Mg-/Kg./min., 
they  noted  definite  inhibition  of  the  output  of  acid.  They  also  noted  that  sero- 
tonin precursor  inhibited  spontaneous  gastric  acid  secretion  but  did  not  inhibit 
the  gastric  acid  secretory  response  to  histamine  (86).  However,  Black,  Fisher  and 
Smith  (87,  88),  and  others  (89),  reported  that  both  serotonin  and  its  precursor 
inhibit  histamine-stimulated  gastric  secretion  in  animals.  They  have  commented 
on  their  observation  that  recent  feeding  diminishes  the  acid  secretory  response  to 
histamine  (90),  and  in  ^•iew  of  the  observation  of  Stacey  and  Sullivan  that  feeding 
increases  the  serotonin  content  of  the  gut  wall  (91),  they  suggested  that  in 
recently  fed  animals  the  diminished  acid  secretory  response  to  histamine  might 
be  due  both  to  changes  in  serotinin  concentration  in  the  gut  tissues  and  to  re- 
leased serotonin. 

White  and  ]\Iagee  (92)  noted  that  serotonin  administered  intravenously  to 
dogs  in  doses  of  10  to  30  ^g.  Kg.  min.  increased  gastric  production  of  mucin. 
They  noted  that  mucin  production  from  dog  pyloric  pouch  preparations  was 
inhil)ited  by  1  mg.  of  atropine  intra\-enously  and  was  not  affected  or  enhanced 
by  hexamethonium.  The  effect  of  serotonin  was  to  increase  tone  and  motility  as 
measiu'ed  by  balloons,  in  addition  to  the  production  of  mucin,  and  only  the  effect 
on  motility  was  blocked  by  both  atropine  and  hexamethonium.  To  distinguish 
motility  from  direct  stimulation,  studies  were  repeated  on  e\'erted  antral  pouches 
and  the  same  effect  was  noted  with  the  exception  that  atropine  did  not  block  it. 
That  is,  they  found  that  serotonin,  by  direct  action,  increased  the  pyloric  mucosal 
production  of  mucin  and  that  hexamethonium  inhibited  motility  stimulated  by 
serotonin  but  did  not  inhibit  secretion  stimulated  by  serotonin.  Study  of  the 
denervated  pyloric  pouch  showed  the  same  effect  of  serotonin  but  atropine  still 
reduced  it.  In  addition,  during  the  experiments  the  dogs  vomited  mucin  and  it 
could  be  seen  that  mucin  production  had  been  stimulated  throughout  the  stom- 
ach. White  and  Magee  commented  on  the  observation  that  serotonin  is  present 
in  large  amounts  in  the  pyloric  mucosa  in  the  dog  (93),  and  suggested  that  its 
predominance  in  this  location  might  be  related  to  the  acid  depressing  function 
said  to  reside  here. 

HUMAX  SECRETORY  STUDIES 

Reported  studies  of  the  effects  on  human  gastric  secretion  of  serotonin  or  its 
precursors  have  not  made  their  way  into  the  literature  in  any  detail.  Haverback 
has  reported  an  inhibitory  effect  of  serotonin  on  gastric  acid  secretion  in  man 
just  as  he  had  noted  in  dogs  (94).  Call  and  Cordova,  howe\  er,  reported  stimula- 
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tioii  ot  <2;astric  acid  production  in  liiiniaiis  ioilowinji;  llic  iiit ravenous  administra- 
tion of  .")  iwiy.  of  sci'otonin  ('.),")). 

In  a  small  firoup  of  humans,  Warnci',  Janowitz  and  Droilin*;;  (!)())  observed 
the  effects  of  serotonin  on  the  volume  of  secretions  and  acid  production  by  the 
stomach,  and  also  the  effects  of  serotonin  on  the  external  secretion  of  the  pan- 
creas and  on  bile  pi}>;meiit  flow.  In  the  test  subjects  the  secretory  response  was 
determined  by  studying  material  continuously  aspirated  from  the  stomach  and 
duodenum  via  a  double  lumen  tube.  Aspirates  obtained  before  and  during  the 
intravenous  administration  of  serotonin  creatinine  sulfate  for  one  hour  at  a  rate 
of  10  Mg-  Kg-  uiin.  were  studied.  The  results  indicated  that  serotonin  produced 
an  average  increase  in  gastric  secretory  volume  of  14  per  cent,  and  average  de- 
crease in  hydrochloric  acid  of  38  per  cent,  and  an  average  decrease  in  total  acid 
of  47  per  cent.  In  regard  to  the  duodenal  aspirate,  no  significant  change  was 
noted  in  volume  or  in  bicarbonate  and  amylase  content,  but  an  average  decrease 
in  bile  pigment  flow  of  21  per  cent  was  observed. 

ANIMAL  MOTILITY  STUDIES 

Serotonin  and  its  precursor,  as  previously  noted,  had  been  characterized  as 
inducing  responses  somewhat  like  cholinergic  effects.  Pick  noted  that  minute 
amounts  of  serotonin  potentiated  the  motor  response  of  guinea  pig  ilium  to 
cholinei'gic  compounds  (97).  The  motor  response  of  the  gut  to  serotonin,  as 
emphasized  before,  is  probably  the  most  sensitive  body  response  to  this  sub- 
stance. Haverback  and  associates  (86)  noted  that  the  lower  dose  which  they 
used  in  their  secretory  studies  (10  Mg 'Kg-/niin.),  although  not  effective  in  influ- 
encing gastric  secretion,  was  a  potent  stimulus  to  gut  mcjtility  in  the  dog,  and 
this  response  to  sen^tonin  was  not  blocked  by  atropine,  hexamethonium,  bi- 
lateral cervical  vagotomy,  or  an  histamine-like  drug,  mepyramine.  Lysergic  acid 
diethylamide  potentiated  the  intestinal  response  to  ser(jtonin,  in  contrast  to  its 
central  antagonism.  Interestingly  enough,  the  tachyphylactic  type  of  response 
to  serotonin  does  not  occur  following  the  administration  of  serotonin  precursor 
(49).  Furthei-more,  Haverback  and  Da\-idson  report  that  gut  motility  stimulated 
by  serotonin  precursor  was  inhibited  by  atropine.  Some  investigators  have  ob- 
served inhibition  of  the  intestinal  motor  response  to  serotonin  after  administra- 
tion of  atropine  (83). 

In  an  ingenious  and  elaborate  series  of  experiments,  Biilbring  and  Lin  studied 
peristaltic  activity  in  isolated  loops  of  guinea  pig  ileum  and  rabbit  jejunum 
under  conditions  in  which  they  introduced  into  the  lumen  substances  which 
were  thus  enabled  to  act  on  the  mucosa  (98).  Furthermore,  these  investigators 
were  able  to  measure  intraluminal  pressures  and  fluid  transport  after  the  seg- 
ment of  intestine  was  subjected  to  substances  applied  within  or  without.  They 
found  that  serotonin  introduced  into  the  lumen  stimulated  peristalsis  and  in- 
creased the  volume  of  fluid  transported,  whereas  serotonin  applied  to  the  outside 
inhibited  or  stopped  peristaltic  activity.  A  correlation  was  noted  between  the 
intraluminal  pressure,  the  release  of  .serotonin,  and  the  volume  of  fluid  trans- 
ported by  the  studied  segments  of  intestine.  The  amount  of  serotonin  released 
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by  the  inlcstinc  and  found  in  the  effluent  was  incn^ased  by  raising  the  intra- 
huninal  ])ressuie.  Further  stucUes  involving  5-hych-o.\ytryptophan,  iproniazid, 
acetylchohne,  phenyldiguanid(>,  hexaniethonivuii,  and  procaine  were  carried  out. 
They  concluded  that  serotonin,  which  is  formed  and  stored  in  the  mucosa,  is 
released  in  amounts  proportional  to  the  rise  in  intestinal  intraluminal  pressure 
and  acts  by  sensitizing  mucosal  pressure  receptors  which  then  trigger  peristaltic 
activity. 

Woolley  has  recently  theorized  and  presented  initial  supporting  e\'idence  that 
serotonin  stimulates  smooth  muscle  contraction  by  transporting  calcium  ions 
across  the  cell  membrane  into  the  cell  (99).  Exactly  how  this  is  accomplished 
has  not  been  demonstrated  but  he  postulates  the  possibility  of  the  formation  of 
a  complex  consisting  of  a  cell  membrane  component  (perhaps  a  phospholipid), 
serotonin,  and  calcium  ions.  This  complex  would  be  fat  soluble  and  thus  be  able 
to  diffuse  across  the  principally  lipoidal  cell  membrane.  Appropriate  enzyme 
systems  would  be  located  on  the  exterior  and  interior  of  the  cell  membrane  to 
facilitate  both  formation  of  the  calcium  portering  complex  and  its  breakdown 
with  release  of  calcium  ions.  He  further  points  out  that  serotonin  in  animals  has 
been  indicated  to  be  the  hormone  analogous  to  indoleacetic  acid  in  plants.  He 
notes  that  in  many  respects  his  concept  of  the  mode  of  action  of  serotonin  re- 
sembles Bennet-Clark's  hypothesis  for  the  mode  of  action  of  indoleacetic  acid 
in  plants  (100).  The  latter  substance  was  proposed  by  Bennet-Clark  as  also 
involved  in  a  metallic  ion  portering  system  complex. 

HUMAN  MOTILITY  STUDIES 

About  a  year  prior  to  the  publication  of  the  findings  of  Biilbring  and  Lin, 
Hendricks  and  associates  (83)  reported  their  observations  of  the  effects  of  rapidly 
injected  serotonin  on  motor  function  in  man,  as  measured  by  balloon  kymog- 
raphy. They  noted  that  the  injection  of  serotonin  produced  increased  intestinal 
tone  followed  by  an  inactive  period  of  about  fifteen  minutes  (the  previously 
noted  tachyphylactic  type  reaction).  During  this  inactive  period  the  gut  was 
miresponsive  to  further  injections  of  serotonin.  In  these  studies  the  gut  response 
to  serotonin  was  potentiated  by  antihistamines  (presumably  via  monamine 
oxidase  inhibition),  was  inhibited  by  bas,  and  was  inhibited  by  anticholinergics. 
It  was  not  altered  by  ganglion  blockade  by  hexamethonium.  They  concluded 
that  serotonin  appeared  to  stimulate  gut  motor  activity  through  cholinergic 
nerves  at  a  site  distal  to  the  ganglionic  synapse. 

Haverback  and  Davidson  (49)  observed  in  man  the  effect  on  intestinal  motility 
and  intraluminal  pressure  of  endogenously  produced  sei'otonin  resulting  from 
intravenously  administered  5-hydroxytryptophan.  The  observed  increase  in 
intestinal  motility  occurred  within  six  to  forty  minutes  after  the  start  of  the 
infusion.  This  response  was  inhibited  by  atropine.  However,  if  an  infusion  of 
serotonin  instead  of  the  precursor  was  given  as  the  stimulus  for  intestinal  mo- 
tility, atropine  failed  to  exert  an  inhibitory  effect.  Brom-lysergic  acid  diethyl- 
amide inhibited  intestinal  motility  stimulated  by  either  serotonin  or  its  precursor. 
These  investigators  also  reported  (as  had  been  previously  noted  by  Hendricks 


SEROTONIN  AND  (iASTlU)INTKSTl  XAL  TRACT  FUNCTION 


459 


and  associates)  that  ucilhcr  serotonin  noi'  the  piceuisoi'  when  gi\'en  inliuhi- 
niinally  |)i-o(hiee(l  any  ai)i)ai'ent  eifect  on  intestinal  motility. 

COMMENT 

Althoujih  their  roles  are  not  yet  completely  and  precisely  defined,  it  appears 
that  serotonin  and  preeursor(s)  are  integral  pai'ts  of  the  complex  biochemical- 
anatomical  mechanisms  underlying  both  intestinal  motor  activity  (particularly 
the  transpf)rt  of  intestinal  contents),  and  certain  secretory  functions  of  the  gut. 
Furthermoi'e,  as  knowledge  of  serotonin  metabolism  is  continuously  expanded 
by  many  additional  studies  it  is  becoming  more  apparent  that  aberrations  in 
serotonin  metabolism  may  be  in\'olved  in  an  increasing  variety  of  gastroin- 
testinal tract  diseases. 
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SYMPTOMATIC  HIATUS  HERNIA 
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A  great  deal  has  iHrii  written  by  internists,  surgeons  and  radiologists  during 
the  past  thr(>('  decades  on  the  suliject  of  tUaphragmatic  hernias.  This  study  con- 
cerns itself  onl\-  with  esophageal  hiatus  hernia  and  was  prepared  in  an  effort  to 
answer  certain  questions:  (a).  Ar(>  small  oi'  minimal  hernias  responsible  for 
symptoms?  (b).  What  are  the  symptoms  associated  with  these  defects?  (c). 
What  are  the  complications  of  this  disorder?  Do  they  occur  with  small  as  well  as 
large  hernias?  (d).  Is  the  radiographic  demonstration  of  gastroesophageal  reflux 
necessary  to  indict  the  hiatus  hernia  as  being  responsible  for  symptoms? 

xMATEIlIAL 

The  present  report  was  divided  into  two  parts.  The  first  was  a  clinical  study  of 
137  patients,  all  hospitalized  at  The  ]\Iount  8inai  Hospital  during  the  18  months 
beginning  July  1955  and  ending  December  1956.  The  basis  for  inclusion  was  the 
mentioning  of  hiatus  hernia  in  either  the  primary  or  secondary  discharge  diag- 
nosis. In  every  case  the  diagnosis  was  based  on  x-ray  examination  of  the  upper 
gastrointestinal  tract. 

The  second  part  was  a  study  of  101  patients  attending  the  Consultation 
Ser\-ice  of  The  Mount  Sinai  Hospital  on  an  outpatient  liasis.  Every  patient  in 
whom  a  hiatus  hernia  was  discovered  on  a  roentgen  examination  of  the  esophagus 
and  stomach  during  the  ten  months  beginning  April  1955  was  included. 

DKFIXITIOXS 

The  majority  of  cases  studied  have  been  classified  as  ".sliding."  This  term  is 
used  because  a  portion  of  the  hernial  sac  consists  of  the  included  viscus,  in  this 
situation,  the  stomach.  A  sliding  hernia  is  identified  when  the  esophagogastric 
junction  is  ol)ser\'ed  to  have  prolapsed  through  the  hiatus  and  located  above  the 
diaphragm.  Although  it  may  be  reducible,  it  also  may  be  fixed  in  its  abnormal 
position. 

A  paraesophageal  hernia  is  not  truly  a  hiatus  hernia.  The  fundus  and  a  portion 
of  greater  cur\-ature  of  the  stomach  have  herniatetl  into  a  preformed  peritoneal 
sac  alongside  the  esophagus.  The  esophagogastric  junction  remains  in  its  normal 
position  and  the  esophageal  hiatus  freciuently  is  separated  by  diaphragmatic 
muscle  fibers  from  the  hernial  sac. 

A  "combined  hernia"  has  both  "sliding"  and  "paraesophageal"  components. 

From  the  Department  of  Medicine,  Divisimi  of  ( la.^troenterology,  The  Mount  Sinai 
Hospital,  New  York,  X.  Y. 

*  Trainee  of  the  USPHS  Graduate  Training  Program  in  Gastroenterology  at  The  Mount 
Sinai  Hospital,  aide<l  h>-  Grant  No.  2A  or26  of  the  United  States  Pulilie  Health  Service. 
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The  term  "small"  is  of  course  a  rclatixc  one.  I iicluded  in  this  category  are  those 
hernias  described  as  "small,"  "minimal,"  or  as  )!  cm.  or  less  in  greatest  diameter. 
The  "large"  category  consisted  of  hernias  described  as  "large,"  "lemon," 
"orange,"  "plumsized,"  or  "moderate-sized." 

The  routine  roentgc^n  examination  of  the  upper  gastrointestinal  tract  at  The 
Mount  Sinai  Hospital  includes  a  fluoroscopic  and  .\-ray  examination  of  the 
esophagus  with  the  patient  drinking  barium  while  in  the  Trendelenburg  position. 
After  the  barium  has  been  ingested,  the  patients  are  studied  for  evidence  of 
gastroesophageal  reflux  in  the  Trendelenbuig  position  and  occasionally  in  the 
Johnstone  position  (the  patient  bending  as  far  forward  as  possible  with  the 
knees  extended. 

RESULTS 

Part  I 

Of  the  l'.i7  hospitalized  patients  (Table  I),  hiatus  hernia  was  the  primary,  or 
one  of  the  primary  diagnoses  in  84  cases.  The  hernia  was  described  as  being  small 
in  56  cases,  all  of  the  sliding  variety.  Gastroesophageal  reflux  was  demonstrated 
by  the  radiologist  in  only  three  of  these.  Of  the  81  cases  with  large  hernias  there 
were  71  sliding,  nine  combined,  and  one  pure  paraesophageal  (which  at  a  later 
examination  was  considered  a  combined  type).  There  was  roentgen  evidence  of 
reflux  in  three  of  the  patients  with  combined  hernias,  and  12  of  the  sliding.  There 
was  no  reflux  seen  on  the  examinations  of  the  patient  with  the  paraesophageal 
hernia. 

In  this  group,  the  women  outnumbered  the  men  by  87  to  50.  The  patients 
ranged  in  age  from  24  to  82;  however,  most  were  in  the  fifth  to  the  eighth  decade 
at  the  time  of  hospitalization.  Symptoms  described  varied  from  several  weeks  to 
25  years  duration. 

In  any  patient  with  objective  evidence  of  any  disease  known  to  cause  symp- 
toms that  might  be  ascribed  to  hiatus  hernia,  the  other  disease(s)  was  considered 
responsible  for  the  symptoms,  and  the  patient  was  not  included  in  the  following 
analysis. 

Epigastric  pain,  for  which  there  was  no  evidence  of  another  cause,  was  the 
most  frequent  symptom,  being  present  in  60  patients.  It  was  the  complaint  of 
24  of  the  53  patients  with  small  hernias,  each  without  roentgen  evidence  of 
reflux.  It  was  present  in  24  of  the  59  patients  with  large  sliding  hernias  without 
reflux,  eight  of  the  twelve  large  sliding  with  reflux,  all  three  of  the  combined  hernias 
with  reflux,  and  one  of  the  six  combined  hernias  w'ithout  reflux.  It  was  noted  in 
patients  with  anacidity,  normal  acidity,  as  well  as  hyperacidity  (more  than  50 
mEci/L  of  free  acid).  The  pain  was  most  frequently  located  in  the  midline,  but 
also  was  found  toward  the  right  and  left  upper  (juadrants.  When  described,  it 
was  cramping,  pressing,  burning,  steady  and  severe  in  that  order  of  freciuency. 
Twenty  patients  noted  a  relation  to  position  i.e.  pain  either  developed  or  was 
made  worse  by  lying  down  during  the  day  or  going  to  bed  at  night.  Six  noted 
that  it  developed  in  the  immediate  post-prandial  perif)d.  Relief  was  obtained 
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TABLE  I 


Symptoms  of  137  hospitalized  patients 


Small  Hernias— 56  (All 
Sliding  Hernias) 

Larg 

e  Hernias — 81 

With  Dem- 
onstrable 
Reflux— 3 

Without  Dem- 
onstrable 
Reflux — 53 

With  Demonstra- 
ble Reflux— 15 

Without  Demonstrable 
Reflux— 66 

Com- 
bined 3 

Sliding 
12 

Com- 
bined 6 

Paraeso- 
phageal 
1 

Sliding 
59 

Epigastric  pain  

U 

OA 

3 

8 

1 

0 

24 

Heartburn  

o 
O 

1 

4 

3 

0 

21 

Nausea  

1 
1 

1  9 

2 

4 

0 

0 

13 

Substernal  or  chest  pain  

U 

1  O 

2 

5 

0 

0 

10 

Bloating  

1 

8 

2 

2 

1 

0 

13 

Ivxccssivp  eructation  

1 

o 
Z 

0 

0 

2 

0 

16 

Radiation  of  ])ain  to  back.  .  .  . 

U 

o 
o 

0 

1 

0 

0 

5 

Kaiiiation  of  i)ain  to 

shoulder  

0 

5 

0 

3 

1 

0 

2 

Dysphagia  

1 

0 

0 

1 

0 

0 

1 

Radiation  of  pain  to  axilla  or 

to  scapula  

0 

1 

0 

0 

0 

0 

1 

Pain  worse  after  meals  

2 

12 

3 

3 

0 

0 

11 

Pain  worse  after  lying  down.  .  . 

0 

3 

0 

0 

2 

0 

16 

Pain  worse  after  bending  or 

lifting  

0 

0 

0 

0 

0 

0 

1 

Asymptomatic  

0 

13 

0 

1 

1 

1 

2 

with  antacids  in  11,  with  ^•()miting  in  five,  and  with  eructation  in  three.  Thirteen 
patients  noted  radiation  of  the  pain  through  to  the  back,  eight  to  either  or  both 
shoulders,  and  four  around  the  left  flank  to  the  back.  Axillary  or  scapular  radi- 
ation was  only  from  associated  substernal  pain  when  the  latter  was  present. 

Heartburn,  the  second  most  common  symptom,  is  generally  accepted  as  being 
an  esophageal  symptom,  a  motor  phenomenon  related  to  gastroesophageal 
reflux.  In  this  series,  it  was  noted  in  two  of  the  three  small  hernias  with  evidence 
of  reflux  and  in  eight  of  the  53  small  hernias  without  radiologic  evidence  of 
reflux.  Of  the  large  hernias,  hoartl)urn  was  as.sociated  with  five  of  the  15  with 
reflux,  and  24  of  the  66  without  reflux,  roentgenographically.  It  was  present  in 
five  of  the  nine  patients  pr()\'en  to  have  esophagitis.  It  is  interesting  that  gastric 
analyses  (after  histamine)  re\'ealed  heartburn  to  be  a  symptom  in  patients  with 
achlorhydria  as  well  as  in  normal  and  hyperchlorhydric  subjects. 

Nausea,  with  or  without  vomiting,  is  a  symptom  that  may  be  produced  by 
distension  of  the  lower  end  of  the  esophagus  or  the  stomach.  It  was  present  in 
23  per  cent  of  both  the  large  and  small  hernias,  in  21  per  cent  of  the  patients 
without  and  39  per  cent  of  those  with  x-ray  evidence  of  reflux.  It  was  present  in 
six  of  the  nine  cases  with  esophagitis. 

Substernal  pain  or  chest  pain  was  fovu'th  in  frequency.  It  was  present  in  21  per 
cent  of  our  entire  group,  23  per  cent  of  the  small  hernia  without  demonstrable 


SYMI'TOM  ATK'   IIIA'ITS  IIKKNIA 


4(i7 


rcdux,  1')  per  cent  ol  the  lar^i'  licriiin  willidiil  icflux,  and  17  per  cciil  of  I  lie  laiKC 
hernia  with  dcinonstrahk'  rcfhix.  The  pain,  when  dcsciilx'd,  was  usnally  a  press- 
ing type,  rarely  severe  and  s(ineezin^',  less  oftcMi  a  dull  steady  ache.  Most  patients 
noted  no  radiation  of  the  pain;  hut  when  ladialion  was  descrihed,  it  went  lo  the 
left  or  l)oth  shouldei's  and  arms,  to  either  scapula  or  axilla,  or  stiaifi;hl  lhrou^^h 
to  the  hack.  Only  2()  per  cent  of  this  group  noted  develoijnient  or  aggi'ax'at  ion  of 
the  pain  at  night  after  lying  down  oi'  within  two  honi's  after  eating.  Two  patients 
noted  aggravation  of  the  pain  with  lifting  or  exertion,  and  one  at  times  with 
emotional  upsets.  Fi\'e  patients  noted  relief  of  the  pain  with  antacids,  two  with 
vomiting,  two  with  belching,  and  one  witli  nitroglycerine  at  times.  This  type  of 
pain  is  (luite  difficult  to  distinguish  from  the  pain  of  coronary  artery  disea.se. 
Four  of  the  above  patients  were  admitted  to  the  hospital  because  of  the  suspicion 
of  an  acute  myocardial  infarction  and  one  for  a  possil)le  im])ending  infarction. 
In  these  cases,  electrocardiographs,  including  those  after  exerci.se  revealed  no 
significant  abnormalities.  There  were,  however'  nine  other  patients  in  our  series 
with  electrocardiographic  evidence  of  coronary  artery  disease. 

Post-prandial  bloating  was  noted  in  IG  per  cent  of  the  small  hernias  and  22  per 
cent  of  the  large,  in  f!)  per  cent  of  those  with  and  21  per  cent  of  those  without 
radiologic  evidence  of  reflux.  True  dysphagia  was  relati\ely  unconunon.  It  was 
present  in  but  four  of  the  lo7  cases,  one  with  a  carcinoma  in  the  hiatus  and  the 
other  three  with  stricture  and  esophagitis. 

There  were  nine  cases  of  peptic  esophagitis  (see  Table  II)  in  this  series  as 
proven  by  esophagoscopy,  surgery,  or  une(lui^•ocal  x-ray  evidence.  (Only  nine 
patients  of  the  fo7  in  this  grcjup  were  studieil  t)y  esophagoscopy  and  abnormal 
findings  were  observed  six  times.)  There  was  x-ray  evidence  of  esophagitis  in  six 
of  the  nine  patients  proven  to  have  this  complication.  The  esophagoscopist  con- 
fii'med  the  diagnosis  of  esophagitis  in  every  patient  studied  with  x-ray  evidence 
of  this  disorder.  Of  these,  five  patients  complained  of  epigastric  pain,  five  of 
hematemesis,  two  of  hiccough,  one  of  chest  pain.  Six  of  these  patients  noted 
aggravation  by  lying  down.  There  was  no  patient  with  melena  or  with  massive 
bleeding.  In  general,  the  course  of  these  patients  was  similar  to  those  of  the 
general  group  mentioned  a})ove  until  esophagitis  was  observed  on  x-ray  oi'  sf)me 
further  complication  arose  leading  to  esophagoscopy  or  surgery.  Only  one  patient 
in  this  group  had  evidence  of  a  peptic  ulcer  (duodenal)  and  one  other  had  hyper- 
acidity on  gastric  analysis.  There  was  one  patient  with  anacidity  on  a  fasting 
specimen;  however,  histamine  stimulation  was  not  performed.  Analysis  of  the 
cases  with  demonstrable  esophagitis  showed:  two  small  hernas  with  demon- 
strable reflux;  two  small  hernias  without  demonstrable  reflux;  two  large  hei'uiae 
with  demonstrable  I'eflux,  and  four  large  hernias  without  demonstrable  reflux. 

Perforation  occurred  in  one  case.  This  was  an  elderly  man  with  a  long-standing 
history  of  heartburn  and  two  episodes  of  hematemesis.  X-ray  re\'ealed  a  mod- 
erate-sized sliding  hernia.  Reflux  was  not  demonstrated.  Msophagoscopy  and 
biopsy  revealed  esophagitis  and  gastritis.  The  heartburn  subsided,  but  anemia 
developed  and  persisted.  Because  of  this  surgeiy  was  pei'foi'med  and  at  operation, 
a  perfoi'ated  walled-ott'  ulcer  at  the  esophagogastric;  jun(;tion  was  observed. 
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TABI-K  III 

"Silent"  or  dsi/iti /iIoiikiI ic  hhcding  (ixsociated  Willi  a  liiiiliis  hmiiti;  7  rYixcx  liospilnlueil 


group 


Type  of  Hernia 

Evidence  of  Bleeding 

Severity  of  Bleeding 

Small,   sliding  without  demonstrable 

Hypochromic  anemia 

Hb~ 

-8.6  grams 

reflux 

Large,  sliding,  wittioul  demonstrable 

Three  episodes  of  me- 

Adm 

it  t  od  in  shock 

reflux 

lena 

T                         1*1"                    '  i  I           *]  iUl 

Large,  sliding,  withimt  demonstrable 

H ypoeliromic  anenua 

Hb- 

-10  grams 

reflux 

Large,  sliding  with  demonstrable  re- 

Melena 

Had 

synco|)al  at  t  nek . 

flux 

Hb  h 

i.2  grams 

Large,  sliding,  with  demonstrable  re- 

Melena 

Hb- 

-7.8  grams 

flux 

Large,  sliding,  with  demonstrable  re- 

Hypochromic anemia 

Hb- 

-10.4  grams 

flux 

Large,  paraesophageal 

Melena  for  three  weeks 

Hb- 

-6.0  grams 

Objective  evidence  of  bleeding  from  the  gastrointestinal  tract  (Tables  III  and 
IV)  wa.s  noted  by  the  physician  referring  the  patient  to  the  hospital  or  by  the 
hospital  staff  during  the  period  of  hospitalization  in  30  patients  (22  per  cent). 
There  were  seven  cases  of  silent  bleeding  including  one  with  a  small  sliding 
hernia,  five  with  large  .sliding  hernias,  (three  with  demonstrable  reflux),  and  the 
paraesophageal  hernia.  In  each  of  these  cases,  the  bleeding  was  severe  enough  to 
pi'oduce  some  degree  of  anemia.  There  was  no  hematemesis  in  this  group. 

Bleeding  was  associated  with  a  symptomatic  hiatus  hernia  in  23  cases.  In- 
cluded here  were  four  small  sliding  hernias  without  demonstrable  reflux.  Bleeding 
was  identified  as  coming  from  the  distal  end  of  the  esophagus  by  the  endoscopist 
in  one  of  these.  There  were  12  moderate  to  large  sliding  hernias  without  reflux. 
In  one  of  these,  the  Einhorn  string  test  indicated  bleeding  within  the  esophagus. 
One  patient  was  observed  by  the  esophagoscopist  to  be  bleeding  from  the  distal 
end  of  the  esophagus.  Another  had  esophagoscopic  and  operative  evidence  of 
esophagitis,  and  biopsy  evidence  of  gastritis.  There  was  objective  evidence  of 
bleeding  in  five  of  the  nine  cases  with  large  combined  hernias  (four  without  and 
one  with  demonstrable  reflux).  In  this  group  of  23  cases,  there  were  two  in  whom 
hematemesis  was  the  only  objective  evidence  of  gastrointestinal  bleeding. 
Neither  of  these  patients  had  a  resultant  significant  anemia.  The  lowest  hemo- 
globin avlue  in  the  bleeding  associated  with  symptomatic  hiatus  hernia  group 
was  3  grams  per  cent. 

In  the  overall  group  of  137  cases,  18  (13  per  cent)  were  asymptomatic  as  re- 
gards the  upper  gastrointestinal  tract.  This  included  13  small  hernias  without 
demonstrable  reflux,  one  of  the  large  hernias  with  it,  one  paraesophageal  hernia, 
and  one  large  comy)in(>d  hernia  and  two  large  sliding  hernias  without  demon- 
strable reflux. 

The  physical  examination  in  the.se  137  cases  was  of  no  value  in  diagnosing  the 


TABLE  IV 


Bleeding  associated  with  syviptomatic  hiatus  hernia;  2S  cases — hospitalized  group 


lype  of  Hernia 

Symptoms  Described 

Evidence  of 
Bleeding 

Severity  of 
Bleeding 

Additional  Information 

^IllUll,  SlHllDK  WitiKUlt  tlG- 

iiipigustric  pain,  neart- 

Hematemesis 

Lowest  Hb. 

Subsequent  x-ray  showed  a 

bu  rn    worse  lying 

15.0  grams 

large  hernia  with  reflux 

Snmll.  sliding,  without  de- 

Epigastric  pain 

3  episodes  of 

Lowest  Hb. 

nionstrublp  reflux 

melena 

7.0  grams 

^inull,  sliding,  without  de* 

1 1  cart  burn  post-pran- 

Melena  for  two 

Lowest  Hb. 

mo  list  ruhlp  reflux 

wee  ks 

8.0  grams 

Smull,  shding,  without  dfi" 

lifpigastric   pain  and 

H  ema  te  ni  es  i  s 

Lowest  Hb. 

Bleeding  seen  on  esophagos- 

monstrjible  reflux 

occasional  vomiting 

and  melena 

9.0  grams 

eopy,  from  distal  end  of 

Moderste>  sliding,  witliout 

Post"  prand  la  1  heart- 

iiieiena 

LiOW'est  XI D. 

esophagus 

domonst nihle  rpfl  ux 

bu rn ,  bloating  and 

1  ^  n  frrtt  me 

belching 

.Moderate,  sliding,  witiiout 

Postprandial  bloating 

Numerous  epi- 

Lowest Hb. 

String  test  positive  at  25  cm. 

denionstriible  reflux 

and  belching 

sodes  of  me- 

6.0 grams 

Oastroscopy  and  esopha- 

lena 

goscopy  done  during  inter- 

val between  bleeding  epi- 

sodes were  unrevealing 

IVlo(lery,te,  siKiing,  williout 

1  OS  t  p  ra  n<liiil     li  ea  r  t- 

Melena 

Low'est  Hb, 

denionstriible  reflux 

burn 

1 1 .  gra  m  s 

IjJite^i  sliding,  without  de- 

Postprandial  bloating 

Hematemesis 

Lowest  Hb. 

luonstrHible  reflux 

and  epigastric  pain 

12.4  grams 

Ljirge,  sliding,  without  de- 

Chest pain 

Hypochromic 

L/Owest  Hb. 

mo  ns  t  rii  b  1  e  re  fl  ux 

anemia 

3.0  grams 

Large,  sliding,  without  de- 

iNausea and  belcriing. 

Hematemesis 

Lowest  Hb. 

monstrable  reflux 

Occasional  vomiting 

and  melena 

9  0  grams 

Large,  sliding,  without  de- 

Heartburn and  belch- 

Hypoch romic 

Lowest  Hb. 

Bleeding  from  distal  end  oi 

monstrable  reflux 

ing 

anemia  and 

9.0  grams 

esophagus  seen  on  esoph- 

guaiac  positive 

agoscopy 

stools  Melena 

on  another 

occasion 

iVlotlera te,  sli(.iing,  witliout 

1 1  eart  Du  rn 

Hema  temesis , 

IjOW'est  rib. 

jveddened  iriaole  a rea  seen 

demons t  ruble  refl ux 

and  hypo- 

9-0 grams 

o n  eso p hag osc o py  bio psi ed 

ch  romic 

and    was    proven    to  be 

anemia 

chronic  gastritis.  At  opera- 

tion, evidence  of  esopha- 

gitis     and    a  w"alled-of!f 

esophageal  perforation  dis- 

covered 

IjH rge ,  sliu ing ,  witnou t  cie- 

xost  prandial  neart- 

JWeiena ,  ^  epi- 

IjOW'est  rib. 

demonst  rable  reflux 

bum,  belching  and 

sodes 

9.0  grams 

bloating 

l^arge,  sliding,  w'itiK)ut  Qe- 

Postprandial  epigastric 

iuelena 

XT 

^0  anemia 

Lsopnagoscopy  done  during 

monst rable  reflux 

pain,  precordial  pres~ 

period  without  any  melena 

sure  &  nausea.  Worse 

revealed  normal  esophag- 

when recu  iiibent 

eal  mucosa 

IjHrge,  sliding,  witnout  de- 

Bloating itiid  belching 

Melena 

JjO west  li  b . 

monstrable  reflux 

5 . 1  gra  m  s 

ftloderate^  sliding,  without 

jj  pigastric  Qist  ress 

Occult  blood  in 

T  .nw<»et  T-Tn 

demonstrable  reflux 

T\^"^      ■  A 

12.0  grams 

Moderate,  sliding  with  re- 

jteartt)urn  and  indi- 

J-liree episodes 

Xxjwest  Hb 

flux 

gestion 

of  melena 

12,0  grams 

Large,  sliding,  witli  reflux 

Chest    and  epigastric 

Two  episodes  of 

^Jo  anemia 

Esophagoscopv  done  8  days 

pain 

melena 

after  bout  of  melena  re- 

vea led  norma  1  m u cosa 

Large,  combined,  witiiout 

Heartburn  and  epi- 

iVlelena 

demonstrable  reflux 

gastric  fullness 

Large  paraesophageal  with 

Heartburn 

JVleiena 

T     .   t  trv, 

JjOwest  Jrlb. 

a  small  sliding  com  po- 

8.0  grams 

nent.  No  reflux 

Large,  combined,  without 

Heartburn  anil  belch- 

Hematemesis 

No  anemia 

demonstrable  reflux 

ing 

and  melena 

Large,  combined,  without 

Heartburn 

Melena 

Lowest  Hb. 

demonstrable  reflux 

6.0  grams 

Large,  combined  with  re- 

Epigastric pain 

Hypochromic 

Lowest  Hb. 

Esophagoscopy  revealed  nor- 

flux 

anemia 

10.  grams 

mal  mucosa 
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luTiiia.  In  not  one  case  were  l)()rl)()ryji;ini  noted  in  I  lie  anlcrioi'  oi'  poslci  ior  clicst  . 

Other  diseases  of  tli(>  gastrointestinal  tract  found  to  he  present  in  these  pa- 
tients were  as  follows:  1(5  duodenal  ulcers,  two  gastric  uk^ers,  one  jejunal  ulcer 
(after  a  sub-total  gastrectomy),  and  seven  patients  with  (cholelithiasis.  There 
were  tWe  patients  who  in  the  past  had  had  a  cholecystectomy  for  symptoms 
other  than  biliary  colic.  These  symptoms,  as  desci'ibed  above,  were  not  i-elicn'ed 
by  the  cholecystectomy  and  probably  were  due  to  the  coexistent  hiatus  hernia. 
There  were  two  patients  in  this  series  who  were  pid\-en  to  have  a  gastric  carci- 
noma in  the  hiatus  hernia. 

Part  II 

This  disease,  as  seen  in  the  Consultation  Service  of  The  Mount  Sinai  Hospital 
(Table  V)  was  in  general  milder  than  that  seen  in  the  hospitalized  patients. 
There  were  52  women  and  49  men  in  this  phase  of  the  study;  and  they  ranged  in 
age  from  27  to  72  years.  There  were  64  small  sliding  hernias;  and  reflux  was 
demonstrable  in  only  six.  There  were  36  large  sliding  hernias,  seven  with  demon- 
strable reflux.  No  reflux  could  be  demonstrated  in  the  one  large  combined  hernia. 

The  most  common  complaint  in  this  group  also  was  epigastric  pain,  present  in 
48  patients.  It  was  present  in  approximately  one  half  of  the  patients  with  small 


TABLE  V 

Syniptonifi  of  101  patients  attending  consultation  service 


Small  Hernias  6+ 

Large  Hernias  37 

With 
demon- 
strable 
reflux  6 

Without 
demon- 
strable 

reflux  58 

With 
demon- 
strable 
reflux  7 

Without  demon- 
strable reflux  30 

All  sliding  hernias 

All  sliding 
hernias 

Combined 
1 

Sliding 
29 

Epigastric  pain  

3 

30 

3 

0 

12 

Heartburn  

3 

25 

4 

1 

11 

Bloating  

3 

17 

4 

0 

16 

Excessive  eructation  

3 

17 

4 

1 

3 

Nausea  

1 

14 

0 

0 

2 

Substernal  or  chest  pain  

0 

7 

1 

0 

7 

Regurgitation  

0 

3 

0 

0 

5 

Vomiting  

0 

6 

0 

0 

1 

Sensation  of  food  getting  stuck 

in  lower 

esophagus  

0 

3 

1 

0 

1 

Radiation  of  pain  to  back  

0 

3 

0 

0 

2 

Radiation  of  pain  to  shoulder (s 

or 

left  arm . 

0 

2 

0 

0 

3 

Radiation  of  pain  to  scapula  or 

axilla  

0 

3 

0 

0 

0 

Radiation  of  pain  to  neck  

0 

0 

0 

0 

2 

Pain  worse  after  meals  

3 

17 

2 

1 

9 

Pain  worse  lying  down  

0 

15 

2 

0 

6 

Pain  worse  after  bending  or  lifting 

0 

1 

0 

0 

3 

Asymptomatic  

2 

15 

0 

0 

7 
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or  large  hernias,  with  or  witliout  demonstrable  reflux.  More  than  40  per  cent  of 
this  group  of  patients  were  alile  to  describe  the  pain  only  as  a  feeling  of  epigastric 
discomfort.  Others  described  it  as  a  burning  pain,  cramping  pain,  growing  pain, 
or  a  steady  ache.  More  than  half  the  patients  noticed  the  pain  developed  between 
30  minutes  and  2  hours  post-prandially  and  approximately  one-third  noted 
aggravation  in  the  recumbent  position.  Hadiation  of  the  pain  was  uncommon; 
howe\  ('r,  when  present,  it  was  usually  ai-ound  either  side  and  into  or  straight 
through  to  the  back.  Some  patients  obtained  relief  with  eructation,  others  with 
antacids,  and  a  few  with  induced  vomiting. 

Heartburn,  the  second  most  common  symptom  was  present  in  44  patients, 
and  it  too  was  fairly  evenly  divided  between  the  small  and  large  hernias,  and 
those  with  or  without  demonstrable  reflux.  Almost  one  half  of  the  patients  with 
this  complaint  noted  aggravation  with  the  recumbent  position  at  night  or  during 
the  day.  About  the  same  pei'centage  noted  the  development  or  worsening  of  the 
symptom  in  the  30  minutes  to  2  hour  post-prandial  periotl.  A  few  noted  aggrava- 
tion by  bending  down.  The  most  frequent  modality  for  obtaining  relief  cited 
was  the  use  of  antacids  or  the  drinking  of  milk.  At  times,  the  drinking  of  warm 
water  was  noted  to  provide  relief. 

Post-prandial  bloating,  was  the  symptom  next  in  order  of  frequency,  and  it 
was  represented  in  all  the  types  of  hernia  considered  in  this  discussion.  Excessive 
eructation  also  was  found  in  each  category.  In  almost  one  half  of  the  patients 
with  the  latter  symptom,  it  was  induced  for  relief  of  the  flatulence. 

Nausea  was  much  more  prevalent  among  the  patients  with  small  hernias.  Less 
than  half  the  patients  complaining  of  nausea  had  associated  \'omiting. 

Substernal  or  chest  pain  was  present  in  15  patients,  seven  small  hernias  and 
seven  large  hernias  without  demonstrable  reflux,  and  one  large  hernia  with  it. 
Eight  of  these  patients  descriljed  the  pain  as  a  sensation  of  pressure  or  distress, 
two  as  a  severe  pain,  two  as  a  squeezing  pain,  one  as  a  pulling  pain,  and  one  as 
a  growing  pain.  Four  of  the  patients  noted  aggravation  of  this  symptom  by 
lying  down  or  its  awakening  them  from  sleep.  In  three  the  symptom  developed 
or  was  worsened  with  lifting  or  bending;  and  only  one  in  the  post-prandial 
period.  Patients  noted  radiation  of  the  pain  to  the  left  arm,  back  scapular  or 
interscapular  area,  left  shoulder,  neck,  and  jaw.  Some  patients  noted  relief  with 
eating,  others  with  antacids,  some  with  induced  eructation.  One  noted  occa- 
sional relief  with  nitroglycerine. 

There  was  no  dysphagia  in  this  group.  Five  patients  complained  that  occa- 
sionally food  got  stuck  in  lower  substernal  region,  but  in  none  of  these  was  there 
any  narrowing  or  a  hold-up  of  barium.  There  was  no  pro\'en  case  of  esophagitis 
in  this  series  by  x-ray.  There  were  no  operations  performed  nor  were  any  esopha- 
goscopies  done.  Esophagoscopy  was  suggested  but  refused  by  one  patient  with 
rather  severe  symptoms. 

There  were  eight  patients  in  this  group  in  wiiom  the  hiatus  hernia  might  be 
associated  with  blood  loss  (see  Table  VI).  There  were  two  post -menopausal  wo- 
men with  iron  dehciency  anemias  of  9.5  and  9.7  grams  per  cent  of  hemoglobin 
respectively.  One  with  a  small  sliding  hiatus  hernia  without  demonstrable  reflux 
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Patients  attending  consultation  service  in  whom  association  oj  Ideeding  and  hiatus 
hernia  is  possibly  suggested 


Type  of  Hernia 

Symptoms  Described 

Evidence  of  Bleeding 

Severity  of 
Bleeding 

Additional  Information 

Small  sliding  hernia  with 

No  symptoms  referable 

Stool  strongly  positive 

Normal  he- 

Negative barium  en- 

demonstrable reHux 

to  gastrointestinal 

reaction  for  occult 

moglobin 

ema.     Patient  has 

tract 

blood 

chronic  bronchitis 

Small  sliding  hernia 

Abdominal  discomfort 

Stool  positive  on  two 

Normal  he- 

without demonstrable 

and  epigastric  bloat- 

occasions for  occult 

moglobin 

reflux 

ing  worse  with  spicy 

blood 

foods  and  lying  down 

Small  sliding  hernia 

Heartburn,  nausea, 

Hyijochromic  anemia. 

Hb.  9.7 

Negative  barium  en- 

without demonstrable 

bloating,  excessive 

Stool    positive  for 

grams 

ema  and  small  bowel 

reflux 

eructation 

occult  blood 

examination 

Small  sliding  hernia 

Occasional  heartburn 

History  of  hemateme- 

Normal  he- 

without demonstrable 

sis  and  melena  two 

moglobin 

reflux 

years  before.  History 

of  melena  again  re- 

cently 

Minimal  sliding  hernia 

Epigastric  pain  slightly 

History  of  Melena 

Normal  he- 

without demonstrable 

worse  in  sui)ine  posi- 

moglobin 

reflux 

tion 

Small  sliding  hernia 

Postprandial  abdominal 

History  of  two  epi- 

Normal he- 

Neurotic patient  with 

without  demonstrable 

cramps  and  anterior 

sodes  of  melena 

moglobin 

possible  angina  pec- 

reflux 

chest  pain  on  exertion 

toris.  Told  she  had  a 

duodenal    ulcer  in 

past,  but  no  crater  or 

deformity  demon- 

strated 

Small  sliding  hernia 

Many  years  of  heartburn 

Two  episodes  of  me- 

Normal he- 

without demonstrable 

and    epigastric  dis- 

lena within  recent 

moglobin 

reflux 

comfort,   worse  after 

months;  by  history 

meals  and  Iving  down. 

Recently  an  epigastric 

pain  and  some  nausea 

aftei  meals 

4  cm.  sliding  hernia 

Heartburn,   on  lying 

Strongly  positive 

Normal  he- 

Diabetic. Gallbladder 

without  reflux 

down.  Also  has  some 

guaiac 

moglobin 

visualized  faintly,  no 

right  upper  quadrant 

stones  seen 

pain 

Large  sliding  hernia 

Postprandial  epigastric 

Iron  deficiency  ane- 

Hb. 9.5 

without  demonstrable 

distress  for  8  years 

mia.  Stool  guaiac 

grams 

reflux 

negative 

had  a  modrately  positive  stool  guaiac  reaction.  The  guaiac  test  of  the  patient 
with  a  large  sliding  hernia  without  demonstrable  reflux  was  negative.  Both 
these  patients  had  symptoms  that  might  be  ascril)al)l('  to  the  hiatus  hernia.  There 
were  three  patients  without  any  anemia  who  had  moderately  or  strongly  positive 
guaiac  reactions.  The  patient  with  the  small  sliding  hernia  with  demonstrable 
reflux  had  no  symptoms  referable  to  the  gastrointestinal  tract,  whereas  the 
patients  without  reflux  did  have  symptoms.  There  were  four  i)atients  with  small 
hiatus  hernias  without  demonstrable  reflux  who  gave  a  history  of  melena  in  the 
past;  two  ()f  these  on  two  occasions.  Three  of  these  four  had  symptomatic  hiatus 
hernias.  The  fourth  had  only  occasional  heartburn.  The  latter  patient  also 
gave  a  history  of  hematemesis  in  the  past. 

In  24  of  the  patients  in  this  group  the  hiatus  hernia  was  apparently  asympto- 
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matic.  This  included  twnot'  the  small  liciiiias  with  r(>flu.\,  and  1.")  small  hornias 
and  seven  hiv^^v  hernias  without  demonst ral)le  reHux.  I*]aeh  of  the  seven  large 
hernias  with  demonstrable  reflux  had  to  he  considered  as  symptomatic. 

The  diseases  of  the  gastrointestinal  tiact  discovered  in  these  101  patients  were 
noted.  There  were  six  with  evidence  of  a  duodenal  ulcer,  two  with  a  gastric  ulcer, 
six  with  cholelithiasis.  Of  four  patients  status  post-cholecystectomy  two  were 
suspected  of  having  a  "post-cholecystectomy  syndrome."  Intravenous  cholan- 
giography was  normal  in  each  case.  There  was  one  patient  pro\-en  to  have  a 
common  duct  stone.  Saint's  triad  (gall  stones,  colonic  diverticula,  and  hiatus 
hernia)  was  found  in  one  instance.  There  was  a  patient  with  scleroderma  and 
this  int(M'esting  association  will  he  discu.ssed  below. 

DISCUSSION 

Incidence 

No  one  knows  what  the  true  incidence  of  this  common  condition  is;  Schatski 
(1)  claimed  that  hernias  could  be  demonstrated  in  70  per  cent  of  patients  over 
the  age  of  60.  Cernock  (2)  found  hiatus  hernias  in  1.5  per  cent  of  200  patients 
oyer  the  age  of  50  having  no  gastrointestinal  symptoms.  It  is  obvious  that  we 
will  not  be  able  to  determine  the  incidence  of  this  condition  unless  a  large  un- 
selected  portion  of  the  population  is  studied  by  a  standardized  technique.  This 
has  yet  to  be  done. 

Etiology 

The  congenitally  short  esophagus  a.ssociated  witli  hiatus  hernia  is  apparently 
a  rarity,  and  we  have  no  such  case  represented  in  our  series.  A  short -appearing 
esophagus  is  not  necessarily  congenital.  In  experimental  animals,  vagal  stimula- 
tion has  led  to  retraction  of  the  esophagus  and  herniation  of  the  cardia  above  the 
diaphragm.  It  is  certainly  conceivable  that  coexistent  lesions  in  the  gastro- 
intestinal and  biliary  tract  may  cause  persistent  vagal  stimulation  and  reflex 
retraction  of  the  esophagus  (3). 

Obesity,  in  association  with  a  hiatus  hernia,  has  been  observed  by  others  (4,  5) 
as  well  as  an  improvement  in  symptoms  with  weight  loss.  Eight  of  Edmunds' 

(5)  patients  considered  a  rapid  gain  in  weight  as  a  precipitating  cause  for  the 
symptoms  attributed  to  the  hernia. 

An  increase  in  intra-abdominal  pressure  may  be  etiologically  related.  Rigler 

(6)  drew  attention  to  the  high  incidence  of  hiatus  hernia  in  pregnancy  (18.1  per 
cent  of  116  multipara,  and  5.1  per  cent  of  79  primipara).  In  seven  of  these  25 
patients,  the  hernia  could  not  be  demonstrated  on  reexamination  after  delivery. 
More  recently,  Siegel  et  al.,  (7)  observed  the  development  of  a  hiatus  hernia  in 
seven  of  40  pregnant  women.  Four  of  the  seven  had  symptoms  suggestive  of  a 
hiatus  hernia.  All  seven  studies  done  after  delivery  revealed  the  disappearance 
of  the  hiatus  hernia.  We  have  recently  followed  a  patient  who  developed  severe 
peptic  esophagitis  in  the  latter  months  of  pregnancy.  She  was  found  to  have  a 
large  hiatus  hernia  which  had  not  changed  in  size  by  the  end  of  the  third  post- 
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piirtuin  inoiitli,  a  gasi  ro-iiitcstiiial  scries  done  t  wo  yt'iU's  prioi'  lo  llic  |)i('ji;iiaiicy  re- 
vealed no  evidence  of  a  hiatus  hernia. 

An  ovarian  eyst  may  have  been  a  pi'ecipitatins  factor  in  the  development  of 
the  hiatus  hernia  in  two  of  I'klnunuls'  (5)  patients.  The  wearing  of  a  tight  belt 
was  considered  in  one,  and  the  moving  of  furniture  in  another.  We  have  observed 
the  presence  of  a  large  combined  hernia  in  u  yoinig  man  who  had  received  one 
year  of  pneumoperitoneum  therapy.  We  have  also  reviewed  the  record  of  a  man 
who  had  a  successful  repair  of  a  symptomatic  hernia;  only  to  have  a  sudden  recui  - 
rence  of  symptoms  three  years  later  when  he  lifted  a  heavy  object. 

The  weakening  of  the  hiatus  by  procedures  such  as  vagotomy  should  be  men- 
tioned. Beal  (8),  reported  a  paraesophageal  type  of  hernia  discovered  ten  days 
after  a  vagotomy  had  been  performed.  Hanlon  and  Higgins  (9)  reported  hernia- 
tion of  .small  bowel  through  the  esophageal  hiatus  five  weeks  after  a  vagotomy, 
and  Van  Hoek  and  Musselman  (10)  reported  the  development  of  severe  anemia 
due  to  a  hiatus  hernia  which  developed  after  a  vagotomy.  Each  of  these  authors 
drew  attention  to  the  fact  that  in  every  case  the  opening  into  the  mediastinum 
had  not  been  closed  as  has  been  advocated  by  Drag.stedt  et  al.  (11). 

The  association  of  hiatal  insufficiency  and  hiatus  hernia  with  scleroderma  has 
been  described.  In  re\  iewing  220  ca.ses  of  hiatus  hernia  of  the  .short  esophagus 
type,  Olsen  and  Harrington  (12)  observed  that  nine  (4  per  cent)  were  afflicted 
with  scleroderma.  In  their  review  of  350  ca.ses  of  scleroderma,  18  with  evidence 
of  esophageal  involvement,  Olsen,  O'Leary  and  Kirklin  (13)  noted  that  nine  had 
x-ray  evidence  of  a  hiatus  hernia,  and  four  had  e.sophagoscopic  evidence  of 
esophagi tis.  Kemp  Harper  (14)  found  a  hiatus  hernia  to  be  present  in  two  of  14 
cases  whose  roentgenographic  findings  he  discussed.  Johnstone  (15)  stated  that 
it  is  conceivable  that  scleroderma  may  affect  the  lower  end  of  the  esophagus  to 
impair  the  efficiency  of  the  cardia.  Then  the  .sequence  of  esophagitis,  ulcei'ation, 
and  contraction  may  bring  about  a  hiatus  hernia. 

Clinical  Picture 

Epigastric  pain,  and  substernal  pain,  the  most  frequently  observed  symptoms 
in  this  series,  were  also  the  most  frequent  complaints  in  the  series  of  Mobley  and 
Christiansen  (16)  and  of  Palmer  (17).  They  were  .second  and  third,  respectively, 
in  Jones'  series  (4).  Palmer  noted  that  only  13  per  cent  of  his  patients  were  able 
to  describe  this  pain  as  an  epigastric  and  substernal  burning  pain,  aggravated  by 
recumbency  and  relieved  by  a.ssuming  the  upright  po.sition.  He  did  note,  however, 
that  epigastric  or  substernal  pain  after  meals  and  (complex  dyspepsias  were 
relatively  common.  As  noted  by  Bockus  (18)  the  segmental  localization  of  pain 
may  be  significant.  He  cites  the  work  of  Jones  with  balloon  distention  experi- 
ments. If  the  distention  was  not  too  great  in  the  distal  end  of  the  e.sophagus,  the 
pain  could  be  localized  to  the  level  of,  or  just  below  the  xiphoid.  This  corre- 
sponded to  the  studies  of  Hurst  correlating  location  of  hernias  with  localization 
of  pain.  It  was  also  noted  that  pain  in  organic  disease  of  the  stomach  is  usually 
experienced  in  the  midline  of  the  epigastrium.  In  lesions  near  the  cardia,  the  i)aiu 
may  be  near  the  xiphoid. 
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'riiisl(>y  Harrison  has  noted  tliat  the  location,  (luality,  and  intensity  of 
pain  witli  esoi)liaf!;('al  disorders  may  he  indistin<2;uishahle  from  that  due  to  disease 
of  the  coronary  arteries.  In  both,  the  jxiin  may  be  precipitated  by  emotional 
(iisturl)ances  or  by  th(>  inj^estion  of  larf2;e  (luantities  of  food.  The  following  points 
foi'  differentiation  were  suggested:  (a).  Pain  arising  in  the  esophagus  is  not 
ordinarily  related  to  muscular  exertion,  (b).  I'ain  precipitated  by  swallowing  or 
coming  on  during  eating  is  more  likely  due  to  an  esophageal  disorder,  (c).  The 
presence  of  even  a  minor  degree  of  dysphagia  constitutes  strong  evidence  in 
favor  of  esophageal  pain.  (d).  The  duration  of  esophageal  pain  is  more  variable 
(lasting  a  few  seconds  to  many  hours)  than  is  that  of  angina  pectoris  which 
usually  lasts  foi-  a  few  minutes,  (e).  T^lectrocardiographic,  x-ray  and  esophago- 
scopic  studies  are  of  great  ^'alue  when  they  yield  positive  results;  but  many 
errors  ai'e  made  l)y  placing  undue  emphasis  on  borderline  findings,  (f).  Atropine 
and  similar  drugs  often  produce  striking  relief  in  patients  with  esophageal  pain, 
but  do  not  usually  affect  anginal  pain.  Nitroglycerine  may  relieve  esophageal 
pain,  but  the  effect  is  rarely  as  striking  as  with  anginal  pain.  Bockus  (20)  com- 
mcMiting  that  substernal  pain  of  anginal  origin  may  be  indistinguishable  from 
pain  that  may  originate  from  stimuli  arising  in  the  esophagus,  drew  attention  to 
the  freciuency  of  evidence  of  bleeding  in  hiatus  hernia  as  a  diagnostic  point.  He 
also  stated:  "It  is  my  impression  that  there  is  considerable  proof  to  the  conten- 
tion that  afferent  impulses  over  vagal  pathways  originating  in  the  lower  esoph- 
agus and  stomach,  may,  under  certain  circumstances  decrease  coronary  blood 
flow."  Von  Bei-gmann  (21 )  did  demonstrate  a  fall  in  coronary  blood  flow  in  dogs 
subjected  to  l)alloon  distention  of  the  esophagus.  Baylis  et  al.  (22),  and  Balint 
and  Edmunds  (23),  noted  that  balloon  distention  of  the  esophagus,  even  in  the 
presence  of  known  coronary  artery  disease,  did  not  produce  electrocardiographic 
changes. 

Harrison  (19)  also  noted  that  the  dilferentiation  of  pain  arising  in  the  stomach 
from  that  of  esophageal  origin  is  often  impossible  from  the  history  alone.  He  sug- 
gested: (a)  Pain  of  a  burning  (luality  may  arise  from  either  organ,  t^ut  is  more 
typically  of  esophageal  origin,  (b)  Localization  of  discomfort  in  the  epigastrum 
or  behind  the  ribs  on  the  left  is  more  common  when  the  stomach  is  at  fault,  (c). 
Dysphagia  or  pain  on  swallowing  points  to  an  esophageal  lesion,  (d).  Belching 
is  usually  a  means  of  obtaining  relief  of  pain  of  gastric  origin,  (e).  When  related 
to  meals,  esophageal  pain  is  more  likely  to  occur  dvu-ing  eating  while  gastric  pain 
more  commonly  sets  in  after  eating. 

At  times,  pain  of  pancreatic  origin  may  be  difficult  to  distinguish.  This  pain 
too  may  be  aggravated  V)y  lying  down.  l)ut  this  pain  may  be  relieved  by  sitting 
up  and  bending  forward.  With  a  hiatus  hernia,  the  pain  may  l)e  worsened  by 
bending  forward.  When  radiation  of  pain  to  the  back  occurs,  it  may  be  to  the 
le\-el  of  IM  with  lesions  in  the  distal  esophagus,  to  D8-10  with  gastric  lesions 
(24)  and  to  the  level  of  the  lower  dorsal  vertebrae  with  pancreatic  lesions. 

Heartburn,  nausea,  belching  and  bloating  were  the  other  frequently  noted 
symptoms.  Jones  (24)  has  reported  that  in  distention  experiments  on  normal 
subjects  irritation  of  the  lower  part  of  the  esophagus  fre(iuently  results  in  a  sensa- 
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tioii  iiidist iuj^uisliuhlc  liom  heart Imin.  I'lirtlicrniorc,  acute  imiscular  disleiit ion 
of  the  distal  end  of  the  esophaf!;iis  by  acid,  allvalino,  neutral,  and  chemically  inert 
solutions  all  produce  a  distinct  burniiifr  sensation  under  the  lower  portion  of  the 
sternum.  The  symptom  may  ()(!cur  in  the  presence  of  achlorhydria.  We  have 
observed  it  to  be  pn>seiit  in  patients  with  hiatus  hernia  and  pernicious  anemia. 
Therefore,  the  chemical  nature  of  the  gastric  juice  cannot  con.stitute  the  cause 
of  the  symptom.  This  l)uining  sensation  is  deemed  to  be  a  pain  variant,  related 
to  a  localized  neuromuscular  disturbance  in  the  distal  esophagus.  We  feel  that 
this  neuromuscular  disturbance  is  probably  initiated  by  gastroesophageal  reflux, 
the  natural  barriers  to  which  may  be  lost  with  the  development  of  a  hiatus 
hernia. 

Belsey  (3)  has  stated  that  he  believes  chronic  heartburn  to  be  pathognomonic 
of  hiatus  hernia.  Lawler  and  McGreath,  however,  in  their  study  of  56  patients 
with  symptoms  attributable  to  gastroesophageal  reflux,  53  of  whom  showed  re- 
flux during  roentgenographic  examination,  noted  the  presence  of  a  sliding  hiatus 
hernia  in  only  34. 

One  of  the  questions  in  the  introductory  paragraph  of  this  paper  was:  "Is  the 
radiologic  demonstration  of  gastroesophageal  reflux  necessary  for  one  to  indict 
the  hiatus  hernia  as  being  responsible  for  symptoms?"  The  answer,  as  demon- 
strated in  this  study  is:  "No."  Flood  et  al.,  (26)  had  previously  shown  this  to  be 
so.  In  comparing  intubation  technique  to  x-ray  study  they  noted  that  of  14 
patients,  there  was  evidence  of  I'eflux  by  both  techniques  in  nine,  by  tube  only 
in  three,  and  by  x-ray  only  in  two.  There  were  11  patients  with  esophagitis  as 
diagnosed  by  the  esophagoscopist.  Flood  and  his  co-authors  were  able  to  ascertain 
evidence  of  reflux  by  x-ray  or  esophageal  intubation  in  only  six  of  these  and  in 
only  two  out  of  four  patients  with  an  active  ulcer  at  the  distal  eiul  of  the  esoph- 
agus. 

The  reflections  of  Johnstone  (27)  on  this  subject  are  of  great  interest.  He 
stated  that:  "Most  radiologists  must  be  aware  of  the  fickelness  of  hernia  and 
reflux;  foi'  example,  both  may  be  demonstrated  readily,  and  yet  on  subsequent 
examination,  even  a  few  minutes  later,  the  phenomenon  may  be  absent.  It  is 
conceivable  that  the  weight  of  the  meal  reduces  the  hernia."  He  also  commented 
on  the  possibility  that  fatigue  after  physical  exertion  might  permit  a  hernia  (and 
one  may  infer  .  .  .  reflux)  to  be  more  readily  demonstrable.  Perhaps  radiologists 
should  conduct  gastrointestinal  examinations  in  the  evenings  after  the  patient 
has  completed  a  days'  work. 

Bloating,  or  a  sense  of  distention  cannot  be  classified  as  a  diagnostic  symptom. 
Moelzel  (28),  who  ate  until  he  felt  distended  observed  that  radiologic  examination 
performed  at  the  time  when  the  symptom  appeared  revealed  that  the  ingested 
material  was  in  the  small  intestine  and  colon  and  concluded  that  the  sense  of 
fullness  arose  in  these  organs  and  not  in  the  stomach.  Hertz  (29)  produced  a 
sense  of  fullness  by  distending  the  colon  of  patients  with  colostomies.  A  sense  of 
distention  may  occur  in  obstructive  lesions  of  the  colon  or  of  the  biliary  tree. 
Inflation  of  the  stomach  was  shown  by  Wolf  and  Wolff  (30)  in  their  fistulous 
subject  to  result  in  a  sense  of  distension.  To  accomplish  this,  they  had  to  achieve 


478 


WALTER  HARVEY  JACOBS 


a  pressure  of  20  ciu.  of  water;  thr  voluinc  nniuired  depended  on  the  rapidity  with 
which  the  air  was  injected,  and  the  sensation  passed  off  after  a  few  seconds  as 
the  pressvu'e  fell  by  receptive  relaxation  of  the  stomach;  it  could  then  be  repro- 
duced by  further  distension.  By  attaining  a  pressure  of  48  cm.  of  water  by  the 
injection  of  1500  ml.  of  air,  distention  became  extreme  and  pain  and  sometimes 
nau.sea  was  produced.  The  ingestion  of  food  in  usual  quantities  would  hardly  be 
expected  to  give  rise  to  a  feeling  of  fullness  comparable  to  that  above,  especially 
when  one  considers  the  ability  of  the  stomach  to  relax  in  the  face  of  any  but  the 
most  sudden  distention.  I  would  like  to  suggest  the  possibility  that  air  is  trapped 
in  a  hiatus  hernia  after  the  ingestion  of  a  meal,  particularly  a  large  meal.  Because 
of  the  confinement  of  this  air  to  a  small  loculated  sac,  aerophagia  is  particularly 
liable  to  produce  the  symptoms  of  bloating  and  perhaps  pain  or  nausea. 

The  question  as  to  whether  small  or  minimal  hiatus  hernia  may  be  responsible 
for  symptoms  may  now  be  answered.  Chester  Jones  (4)  who  considered  a  small 
hernia  to  be  less  than  7  cm.  in  maximum  diameter  answered  the  question  with  an 
emphatic  "yes."  In  fact,  he  noted  that  the  symptoms  of  substernal  pain  and 
heartburn  were  present  in  a  higher  percentage  of  the  patients  with  small  rather 
than  large  hernias.  Palmer  (17)  commented  that  it  is  common  observation  that 
among  patients  with  heart-mimicking  syndromes  the  smaller  a  hiatus  hernia 
tends  to  be  the  more  violent  its  pains  are  likely  to  be.  In  fact,  the  patient  with  a 
hernia  which  is  very  large  and  which  for  the  most  part  remains  in  the  chest  is 
often  aware  of  no  problems.  Our  data,  we  believe,  as  well  as  the  data  cited  above, 
leave  no  doubt  that  small  hernias  may  be  responsible  for  all  the  symptoms  as  well 
as  all  the  complications  of  hiatus  hernia. 

Complications 

There  are  two  complications  of  hiatus  hernia  that  reriuire  discussion.  The  first 
is  esophagitis  and  the  second  is  hemorrhage. 

Peters  (31)  in  a  review  of  20,000  autopsies  found  an  incidence  of  severe  diges- 
tive esophagitis  in  0.92  per  cent  (116  cases).  In  this  group,  there  was  a  20.3  per 
cent  incidence  of  what  he  felt  was  a  congenital  enlargement  of  the  hiatus  and  a 
congenitally  short  esophagus. 

Winkelstein  (32)  has  attempted  to  classify  two  distinctive  types  of  esophagitis. 
Reflux  esophagitis,  which  is  associated  with  sliding  hiatus  hernias,  is  a  superficial 
ulcerating  lesion  localized  to  a  short  area  adjacent  to  the  cardia.  Peptic  esophagi- 
tis which  usually  occurs  in  patients  who  have  experienced  a  great  deal  of  vomit- 
ing or  who  have  been  subjected  to  prolonged  intubation,  and  is  associated 
frequently  with  duodenal  ulcer,  is  an  exudative  ulcerating  lesion  involving  a 
longer  tubular  stretch,  usually  one-third  to  one-half  of  the  esophagus;  and  is 
more  superficial.  The  latter  type  is  more  responsive  to  medical  therapy  while  the 
former,  after  a  course  of  medical  therapy  and  esophageal  dilatations,  where 
indicated,  whould  then  be  treated  with  surgical  repair  of  the  hiatus  hernia  to 
control  reflux. 

Belsey  (3)  noted  that  the  incidence  of  reflux  esophagitis  in  hiatus  hernia  in 
England  was  between  57  per  cent  and  77  per  cent.  In  the  Ignited  States  the 
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iiicidciicc  lias  hccii  dccnietl  iiiiicli  lower;  howcxcr,  fewer  eiiddscoiiies  aic  per- 
formed here.  Chevalier  Jackson  (83)  has  been  <|U()1e(l  as  saying  that :  "l^sophagos- 
copies  are  usuall.y  performed  only  when  there  is  an  important  indication.  It  is 
probable  that  in  patients  with  gastric  or  duodenal  ulcers  who  have  severe  heart- 
burn and  acid  regurgitation,  evidence  of  mild  esophagitis  would  be  revealed  if 
esophagoscopy  and  biopsy  were  included  in  the  study."  In  support  of  this  we 
would  like  to  comment  on  the  esophagoscopic  findings  of  seven  consecutive 
patients  presently  attending  the  Gastrointestinal  Clinic  at  The  Mount  Sinai 
Hospital.  All  complained  of  a  mild  to  moderate  degree  of  postprandial  and  noc- 
turnal epigastric  distress  and  heartburn.  Six  of  the  seven  patients  showed  gross 
evidence  of  esophagitis  at  the  distal  end  of  the  esophagus.  The  seventh  had 
biopsy  evidence  of  esophagitis. 

As  we  have  attempted  to  point  out  in  our  data,  the  symptoms  associated  with 
a  mild  to  moderate  degree  of  reflux  esophagitis  are  not  necessarily  distinctive 
from  the  hiatus  hernia  group  per  se  unless,  the  esophagitis  is  further  complicated 
by  bleeding,  esophageal  spasm,  stricture.  In  fact,  Palmer  (17)  reported  that  nine 
of  43  cases  of  erosive  esophagitis  due  to  reflux  were  asymptomatic. 

If  there  is  no  spasm  or  stricture,  there  are  usually  no  distinguishing  roent- 
genographic  features,  therefore,  the  diagnosis  can  only  be  made  endoscopically. 

When  the  esophagitis  is  more  severe,  the  symptoms  usually  are  more  severe 
and  persistent.  It  is  in  these  more  severe  degrees  of  esophagitis  that  esophageal 
ulceration,  lack  of  distensability,  esophagospasm  or  stricture  are  usually  dis- 
covered by  the  radiologist.  In  general,  the  more  severe  degrees  of  esophagitis 
seem  to  be  associated  with  hyperacidity.  Belsey  (3)  noted  that  in  the  Frenchay 
hospital  series,  all  but  two  patients  with  esophagitis  had  abnormally  high  acid 
curves.  In  the  nine  cases  of  esophagitis  referred  to  in  the  present  study,  hyper- 
acidity was  noted  in  three,  normal  acidity  in  one,  while  there  was  no  gastric 
analysis  in  the  other  five.  The  last  three  cases  of  severe  reflux  esophagitis  that  we 
have  studied  on  the  wards  of  The  Mount  Sinai  Hospital  were  all  patients  with 
hyperacidity,  or  peptic  ulcer  diathesis  (i.e.,  active  peptic  ulcer  or  deformity  on 
x-ray  due  to  old  ulcer),  and  sliding  hiatus  hernia. 

One  fact  that  seems  to  be  elucidated  in  this  study  is  that  small  hernias  may  be 
complicated  by  esophagitis  (three  of  the  nine  cases  with  esophagitis  had  small 
hernias).  One  other  fact  is  that  esophagitis  occurred  without  the  radiologist 
being  able  to  demonstrate  gastroesophageal  reflux  in  six  of  our  nine  cases. 

The  actual  incidence  of  bleeding  as  a  complication  of  hiatus  hernia  remains  an 
enigma.  In  his  review,  Belsey  (3)  noted  that  in  various  series  the  reported  inci- 
dence of  hemorrhage  from  a  hiatus  hernia  varied  from  2.5  per  cent  to  33  per  cent, 
anemia  varied  from  3.5  per  cent  to  66  per  cent.  Approaching  the  subject  from 
another  viewpoint,  it  is  interesting  that  of  more  than  2000  cases  ho.spitalized 
for  upper  gastrointestinal  tract  bleeding,  Avery  Jones  (34)  noted  that  in  only 
1.8  per  cent  of  the  cases  w^as  the  bleeding  due  to  a  hiatus  hernia,  and  in  this 
group  there  were  no  deaths.  BleecHng  of  all  degrees  and  severity  have  been 
reported  in  hiatus  hernia.  Winkelstein  (32)  mentioned  that  peptic  esophagitis 
may  bleed  and  stated  that  he  knew  of  three  cases  that  bled  to  de.ith.  Schwartz 
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and  Blumonthal  (35)  reported  a  severe  iron  dcfieioncy  anemia  in  20  patients  with 
hiatus  hernias.  They  drew  attention  to  ihv  insidious  character  of  the  bleeding 
and  to  the  paucity  of  associated  symptoms.  Murphy  and  Hay  (36)  who  reported 
an  incidence  of  anemia  in  66  per  cent  of  72  patients  with  hiatus  hernia,  also 
stated  that  most  often  the  bleeding  is  prolonged  and  gradual;  but  massive  hemor- 
rhage did  occur  in  a  few  cases.  Effer  and  Ballinger  (37)  stated  that  bleeding  in 
all  probability  is  the  most  common  complication  of  hiatus  hernia.  Such  bleeding 
had  been  observed  to  vary  from  occult  blood  loss  to  massive  bleeding  without 
premonitory  signs.  They  stated  that  hemorrhage  did  not  seem  related  to  the  size 
and  shape  of  the  hernia.  Fourteen  of  their  patients  operated  on  for  hernia  mani- 
fested evidence  of  bleeding — seven  with  hematemesis,  nine  with  melena,  14  with 
a  hemoglol)in  less  than  11  grams,  and  five  with  a  hemoglobin  less  than  7  grams 
per  cent.  Sahler  and  Hampton  (38)  reported  a  study  of  19  patients  with  a  positive 
history  of  upper  gastrointestinal  bleeding  associated  with  hiatus  hernia.  There 
was  localized  gastritis  (diagnosed  on  gastroscopy)  in  the  hernial  sac  in  five 
patients,  a  ciuestionable  gastritis  in  one,  an  esophagitis  on  endoscopic  examina- 
tion in  one,  and  a  healing  ulcer  in  the  upper  portion  of  the  stomach  in  one.  One 
patient  showed  an  ulcer  in  the  herniated  portion  of  the  stomach  at  autopsy.  In 
this  paper,  Benedict  (39)  was  quoted  as  saying  that  in  the  cases  of  hiatus  hernia 
with  bleeding  which  he  has  observed  gastroscopically  and  have  shown  gastritis, 
he  considers  the  bleeding  as  due  to  the  gastritis.  Ohler  and  Ritvo  (40)  also  drew 
attention  to  bleeding  in  association  with  hiatus  hernias  and  reported  12  cases 
with  gross  hemorrhage.  Four  were  small  hernias,  three  moderately  large,  one 
large,  and  four  unclassified. 

As  emphasized  above,  the  bleeding  in  a  hiatus  hernia  may  come  from  the 
esophagus  or  the  stomach.  Erosive  esophagitis  may  be  associated  with  hema- 
temesis and  blood  loss  as  well  as  may  be  from  erosive  gastritis  or  gastric  ulcers. 
The  esophagitis,  as  previously  outlined  is  probably  due  to  reflux  of  acid  gastric 
juice.  Explanation  for  the  erosive  gastritis  has  been  based  on  congestion  of  the 
mucosa  due  to  the  compression  of  the  stomach  wall  at  the  diaphragm  producing 
venous  obstruction,  stasis,  congestion,  and  erosions.  This  was  actually  shown  to 
be  the  case  in  the  atuopsy  study  of  the  cases  reported  by  Bock,  Dulin  and  Brooks 
(41).  Harrington  (42)  has  stated  that  erosions  or  ulcerations  when  they  occur  in 
a  hiatus  hernia  may  also  be  traumatic,  due  to  the  to  and  fro  action  of  the  dia- 
phragm against  the  gastric  wall. 

TREATMENT 

The  medical  treatment  of  hiatus  hernia  may  be  succinctly  discus.sed  as  con- 
sisting of  attempts  to  decrease  reflux  and  to  neutralize  the  acid  gastric  juice.  To 
decrease  reflux,  patients  are  advised  (a)  to  lose  weight  if  they  are  obese,  (b)  to 
avoid  tight  garments,  (c)  never  lie  down  after  meals,  and  (d)  sleep  with  the 
head  of  the  bed  elevated  with  one-foot  blocks.  (Sleeping  high  on  pillows  may 
"jackknife"  the  body  and  actually  aggravate  reflux.)  To  neutralize  the  acid 
gastric  juice  we  advise  the  use  of  frequent  small  feedings  and  the  use  of  ant- 
acids. We  have  found  the  use  of  a  mixture  of  ten  parts  of  calcium  carbonate 
to  one  part  of  magnesium  oxide  as  a  powder  suspended  in  mineral  oil  or  olive 


SYMPTOMATIC  HlATl'S  IIKHXIA 


481 


oil,  as  rccoiuinciHlcd  by  Wurthiii  (A'.V)  to  he  particularly  cliicacious.  As  anti- 
cholinergics may  (Jelay  gastric  emptying  without  significantly  effecting  gastric 
acid  production,  they  are  not  routinely  recommended;  however,  they  have  been 
found  to  be  (luite  useful  at  times  in  providing  symptomatic  relief  from  intractable 
heart  l)urn. 

Repair  of  the  hiatus  hei'nia  is  resorted  to  if  symptoms  persist  despite  adequate 
medical  therapy,  or  if  complications  ensue.  Prior  to  surgical  repair  of  the  hiatus 
hernia,  treatment  of  reflux  esophagitis  by  medical  means  as  outlined  above, 
supplemented  in  selected  cases  by  an  intraesophageal  milk  drip  through  a 
plastic  tube  is  indicated.  If  a  stricture  is  present,  but  is  not  athanced,  it  fre- 
quently will  respond  to  cautious  dilatations  as  well  as  therapy  for  the  esophagitis, 
prior  to  repair  of  the  hiatus  hernia.  If  the  stricture  is  advanced,  and  scarring  is 
great,  resection  of  this  area  frecjuently  must  be  performed. 

We  do  not  believe  that  a  hernia  should  be  repaired  merely  because  it  is  large. 
Hiatus  hernia  repair  is  a  major  operation  and  may  be  fraught  with  any  and  all 
postoperative  complications.  The  only  recent  death  at  our  hospital  associated 
with  a  hiatus  hernia  was  in  an  elderly  lady  with  a  large  hernia  with  moderate 
symptoms  who  died  during  the  immediate  postoperative  period  after  repair  of 
the  hiatus  hernia.  We  have  recently  observed  three  patients  w^ho  had  a  trans- 
thoracic repair  of  a  hiatus  hernia  with  such  a  great  deal  of  pain  due  to  intercostal 
neuralgia,  that  they  preferred  their  preoperative  plight.  Dysphagia  has  also  been 
observed  on  occasion.  This  is  associated  with  excessive  tightening  of  the  crura. 
It  is  a  minor  complication,  usually  responding  to  several  esophageal  dilatations. 

CONCLUSIONS 

To  assess  the  significance  of  hiatus  hernia,  the  histories  of  137  hospitalized 
and  101  ambulatory  patients  with  this  diagnosis  were  analyzed. 

The  symptoms  ascribed  to  the  hernias  in  196  cases  included:  Epigastric  pain, 
substernal  pain,  heartburn,  bloating,  nausea,  regurgitation,  and  excessive 
eructation. 

The  size  of  the  hernia  could  not  be  correlated  with  the  symptom-complex. 
Furthermore,  large  hernias  as  well  as  small  hernias  may  be  asymptomatic;  al- 
though, in  our  experience  this  appears  more  frequent  in  the  case  of  the  small 
hernia. 

The  ability  of  the  radiologist  to  demonstrate  reflux  apparently  is  limited. 
Heartburn,  a  symptom  ascribable  to  gastroesophageal  reflux,  was  an  outstand- 
ing complaint  of  many  patients  in  whom  th(>  phenomenon  of  reflux  could  not  be 
demonstrated  radiographically.  Furthermore,  six  of  the  nine  patients  with  reflux 
esophagitis  had  no  evidence  of  reflux  at  the  time  of  roentgen  study. 

Bleeding  and  esophagitis  are  the  major  complications  of  hiatus  hernia.  It 
appears  that  the  large  hernia  is  more  prone  to  bleeding;  and  bleeding  in  associa- 
tion with  a  large  hernia  was  noted  in  27  cases.  Hemorrhage  may  be  a  complication 
of  a  small  hernia  and  this  association  was  noted  in  13  cases.  The  actual  source  of 
the  hemorrhage  in  each  situation  can  only  be  verified  by  endoscopy  or  by  inspec- 
tion of  the  mucosa  at  surgery  performed  during  the  bleeding  episode. 

Esophagitis,  the  second  important  complication,  was  present  in  nine  patients, 
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three  of  whom  had  small  hernias.  Despite  that  tact  tliat  the  pathogenesis  of  this 
compheatioii  imphes  gasti'oesophagcnil  reflux,  tiie  racHoloo'ist  could  demonstrate 
this  phenomenon  in  hut  three  of  these  patients. 

SUMMARY 

Hiatus  hernia  is  a  connnon  condition. 

Small  hernias  as  well  as  large  hernias  may  be  responsilile  for  any  and  all  of  the 
symptoms  and  complications  of  hiatus  hernia. 

The  radiographic  demonstration  of  gastroesophageal  reflux  is  by  no  means 
necessary  for  one  to  indict  the  hiatus  hernia  as  being  the  cause  of  the  patient's 
symptoms. 

The  symptoms  and  the  complications  of  hiatus  hernia  are  discussed. 

REFERENCES 

1.  ScHATZKi,  R.:  Die  Hei'iiieii  dcs  Hiatus  ( )os()phagpus,  Deutsches  Archiv  fur  Klinische 

Mediciii.,  173:  85,  1932. 

2.  Cernock,  W.  F.:  Incidence  of  'Asymptomatic  Hiatus  Hernia',  .^m.  J.  Digest.  Di.s., 

20:  123,  1953. 

3.  Bel.sey,  R.,  in  Avery  Jones'  Modern  Trends  in  Clastroeiiterology.  Butterworth  and 

Co.,  London,  1952,  pp.  128-177. 

4.  Jones,  C.  M.:  Hiatus  Esophageal  Hernia.  New  England  J.  Med.,  225:  963,  1941. 

5.  Edmunds,  V. :  Hiatus  Hernia,  A  Clinical  Study  of  200  Cases.  Quart.  J.  Med.,  New  Series, 

26:445,1957. 

6.  RiGLER,  L.  G.,  AND  Eneboe,  J.:  The  Incidence  of  Hiatu.s  Hernia  in  Pregnant  Women 

and  its  Significance.  J.  Thoracic  Surg.,  4:  262,  1935. 

7.  Siegel,  L.  H.,  (iReenfield,  H.,  and  Kogan  E.:  Tlie  Relationship  between  Hiatus 

Hernia  :ind  Pregnancy:  A  Clinical  StU(l\-.  ( !ast  roenterology,  32:  479,  1957. 

8.  Beal,  J.  M.:  Diaphragmatic  Hernia  following  Subdiaphragmatic  Vagotomy.  Surg., 

24:  625,  1948. 

9.  Hanlon,  C.  R.,  and  Higgins  Jr.,  R.  P. :  Diaphragmatic  Hernia  following  Subdiaphrag- 

matic Vagotomy  and  Partial  Gastrectomy.  Surg.,  27  :  460,  1950. 

10.  Van  Hoeck,  D.  E.,  and  Musselman,  M.  M.  :  Diaphragmatic  Hernia  with  Severe  Anemia 

after  Transabdominal  Vagotomy.  J. A.M. A.,  147:  857,  1951. 

11.  Dragstedt,  L.  R.,  Foi  rmer,  H.  J.,  Woodward,  E.  R.,  Toree,  E.  B.,  and  Harper, 

P.  v.:  Transal)(l(iniinal  Gastric  Vagotomy.  Surg.,  Gynec.  and  Obst.,  85:  461, 
1947. 

12.  Olsen,  a.  M.,  and  Harrington,  S.  W.  :  Esophageal  Hiatus  Hernia  of  the  Short  Esopha- 

gus Type.  Etiology  and  Therapeutic  Considerations.  J.  Thoracic  Surg.,  17: 
189,  1948. 

13.  Olsen,  A.  M.,  O'Leary,  P.  A.,  and  Kirklin,  B.  R.:  Esophageal  Lesions  Associated 

with  Acrosclerosis  and  Scleroderma.  A.M. A.  Arch.  Int.  Med.,  76:  189,  1945. 

14.  CuLLixAN,  E.  R.,  AND  Kemp  Harper,  R.  a.:  Discussion  on  Scleroderma.  Free.  Royal 

Soc.  of  Med.,  4  :  507,  1953. 

15.  Johnstone,  A.  S.  in  S.  C.  Shanks  and  P.  Kerley's  Textbook  of  X-ray  Diagnosis. 

W.  B.  Saunders  and  Co.  Publishers,  second  edition.  Vol.  Ill,  1952,  pp.  53-54. 

16.  Mobley,  J.  E.,  AND  Christiansen,  N.  A.:  Esophageal  Hiatal  Hernia.  Gastroent., 

30:  1,  1956. 

17.  Palmer,  E.  D.:  Hiatus  Hernia  in  the  Adult:  Clinical  Manifestations,  Am.  J.  Digest. 

Dis.,  New  Series,  3  :  45,  1958. 

18.  BocKus,  H.  L.:  Gastroenterology,  W.  B.  Saunders  Co.,  1944,  Vol.  I.  p.  41-42. 

19.  Harrison,  T.  R.:  Clinical  Aspects  of  Pain  in  the  Chest.  Am.  J.  M.  Sc.,  209:  765,  1945. 


symptomatk;  iiiati  s  iikkma 


483 


20.  Bock  us,  H.  L. :  Relation  of  E.s()|)1i;iki';i1  Hint  us  1  Iciium  Io  Atiniiiii  I'cct  oris.  ( last  rooiitei- 

oloK.v,  23:  325,  1953. 

21.  Von  Bkr(;m.\nn,  (!.:  Das  Kpipliiciialc  Syiulioin,  seine  He/ieliuiin  zur  Aii^iiia  Pectoris 

uiid  ziim  KardiosiKisinus.  Dtseh.  nied.  W'sciiiirt,  58:  tiOS,  1932. 

22.  Bayles,  J.  H.,  K.vuNTZEs  R.,  and  Troi'nce,  J.  R. :  Obsoi  vat-ioiis  on  Distension  of  I  lie 

Lower  End  of  the  Esophagus.  (Juart .  .J.  Med.,  24:  143,  1955. 

23.  Balint,  J.  S.  AND  Edmund-s,  v.,  referred  to  by  Edmunds  in  reference  5. 

24.  Jones,  C.  M.:  Diseases  of  the  Digestive  System,  S.  A.  Portis,  editor,  Lea  and  Feibiger, 

Publisher,  third  edition,  1953,  pp.  223-227. 

25.  Lawler,  N.  W.,  and  IM((iRat}|,  X.  1),:  (iastro-P]sophageal  HcKiirKitation.  Lancet, 

261:  369,  1951. 

26.  Flood,  C.  A.,  Wells,  J.,  and  Baker,  I).:  Insufficiency  of  Cardia  in  Hiatus  Hernia, 

(iastroenterology,  25:  364,  1953. 

27.  Johnstone,  A.  S.:  Reflections  on  Hiatal  Hernia  and  Related  Problems.  Radiology, 

62:  750,  1954. 

28.  HoELZEL,  F.:  Use  of  Non-Nutritive  Materials  to  Satisfy  Hunger.  Am.  J.  Digest.  Dis., 

14:  401,  1947. 

29.  Hertz,  A.  F.:  The  Sensibilit\'  of  the  .Alimentary  Canal  in  Health  and  Disease.  Lancet, 

1:  1119,  1911. 

30.  Wolf,  S.,  and  Wolff,  H.  G.:  ?Lunan  (iastric  Function.  (Oxford  Univ.  Press,  second 

edition,  1947,  pp.  146-7. 

31.  Peters,  P.  M.:  The  Pathology  of  Severe  Digestive  l^sopha^itis.  Thorax,  10;  269,  1955. 

32.  Winkelstein,  A.:  Peptic  Esophagitis,  Marginal  Ulceration  and  Peptic  Ulcer  of  the 

Esophagus,  Recent  Concepts.  Castroenterologia,  86  :  268,  1956. 

33.  Jackson,  Chevalier  quoted  in  Peptic  Esophagitis  with  Duodenal  or  Gastric  tilcer 

by  Wolf,  B.  S.,  Som,  M.  L.,  and  Marshak,  R.  H.,  J.A.M.A..  154  :  885,  1954. 

34.  Jones,  F.  Avery:  Hematemesis  and  Melena.  Gastroenterology,  30:  166,  1956. 

35.  Schwartz,  S.  O.,  and  Blumenthal,  J. :  Diaphragmatic  Hiatus  Hernia  with  Severe  Iron 

Deficiency  Anemia.  Am.  J.  Med.,  7:  501,  1949. 

36.  Murphy,  W.  P.,  and  Hay,  W.  E.:  Symptoms  and  Incidence  of  Anemia  in  Hernia  at  the 

Esophageal  Hiatus.  A.M. A.  Arch.  Int.  Med.,  72:  58,  1943. 

37.  Effer,  D.  B.,  and  Ballinger,  C.  S.:  Complications  and  Surgical  Therapy  of  Hiatus 

Hernia  and  Short  Esophagus.  J.  Thor.  Surg.,  22  :  235,  1951. 

38.  Sahler,  O.  D.,  and  Hampton,  A.  O.:  Bleeding  in  Hiatus  Hernia.  Am.  J.  of  Roentgenol., 

49:  433,  1943. 

39.  Benedict,  E.  D.:  quoted  by  Sahler  and  Hampton  in  Reference  38. 

40.  Ohler,  W.  R.,  and  Ritvo,  M.:  Diaphragmatic  Hiatus  Hernia,  a  Clinical  Study,  New 

England  J.  Med.,  229:  191,  1943. 

41.  Bock,  A.  V.,  Dulin,  J.  A.,  and  Brooke,  P.  A.:  Diaphragmatic  Hernia  and  Secondary 

Anemia— 10  Cases.  New  England  J.  Med.,  209:  615,  1933. 

42.  Harrington,  S.  W.:  Various  Types  of  Diaphragmatic  Hernia  Treated  Surgically, 

Report  of  430  Cases.  Surg.,  Gynec.  &  Obst.,  86:  735,  1948. 

43.  Warthin,  T.  A.:  Gastrointestinal  Tract  Bleeding.  Disease-A-Month  Series,  The  Year 

Book  Publishers,  Inc.,  Dec.  1954. 


i 


CULTURALLY  PATTERNED  BEHAVIOR  REACTIONS 

AMONG  THE  SPANISH-SPEAKING  PATIENTS  AT 
THE  MOUNT  SINAI  HOSIMTAL  OF  NEW  YORK  CITY 

F.  F.  MERINO,  M.D. 
Neiv  York,  N.  Y. 

IXTRODUCTIOX 

There  is  no  question  that  the  Puerto  Rican  society  in  New  York  offers  most 
^-ahlable  material  for  psycho-social  studies.  The  static  nature  of  its  culture, 
transplanted  into  the  highly  dynamic  one  of  New  York,  presents  fascinating 
aspects.  It  is  a  fast  growing  political  and  sociological  unit,  the  impact  of  which 
in  the  whole  structure  of  our  comminiity  can  not  be  underestimated.  The  600,000 
Puerto  Rican  immigrants  in  the  city  offer  themseh'es  as  a  crude  laboratory  for 
the  study  of  social  dynamics,  within  the  frame  of  their  own  society,  which  is 
obviously  in  a  transitional  period. 

Psychiatrists  must  become  increasingly  aware  of  the  cultural  determinants  in 
personality  de\  elopment.  Vov  the  planner,  the  social  worker,  the  physician  in 
general,  and  The  Mount  Sinai  doctor  in  particular,  this  cultural  point  of  view  is 
of  primary  importance,  e\-en  though  it  will  not  increase  our  therapeutic  acumen. 
The  sigiiiticance  of  the  cultural  point  of  view  lies  in  the  field  of  preventive  psy- 
chiatry and  mental  hygiene  education. 

The  only  source  of  data  for  the  present  paper  has  been  the  clinical  interview 
and  the  study  of  case  histories;  the  result  of  hundreds  of  contacts  with  Spanish- 
speaking  patients;  approximately  900  at  The  Mount  Sinai  Hospital,  and  nearly 
2000  in  other  centers  and  in  pri\-ate  practice.  Most  of  them  were  in  lower-income 
groups,  with  meager  education  and  humble  occupations.  The  majority  of  our  pa- 
tients were  unskilled  laborers  and  housewives. 

The  material  derived  from  these  interviews  could  not,  on  the  whole,  be  cou- 
.  j^firmed  by  repeated  observation,  and  generalizations  made  in  these  studies  must 
■£  be  looked  upon  as  suggestive  rather  than  definitively  established.  However, 
since  there  are  certain  easily  recognizable  common  features  in  the  individual 
case-histories,  it  was  felt  that  their  analysis  was  a  valuable  technique  in  estab- 
lishing the  most  obvious  ideological  trends  of  this  society  of  Spanish-speaking 
people.  Any  sort  of  generalization  tends  to  err,  but  social  life  is  IWed  by  indi- 
viduals. In  each  person  the  prevailing  social  trends  necessarily  reflect  themselves, 
and  this  is  what  happens  in  our  patients. 

Freud's  concept  that  the  nuclear  family  situation  is  the  prototype  of  social 
behavior  has  been  followed.  It  seems  in  this  case  to  have  a  cross  cultural  validity. 
Though  the  basic  emotional  patterns  are  universal,  and  there  is  no  single  trait 
or  motive  that  is  confined  to  a  single  society,  the  variations  of  these  themes  and 
patterns  are  manifold.  The  combination  of  patterns  produce  a  social  character,  a 
society  that  is  always  unique. 

From  the  Department  of  Psychiatr.y,  The  Moimt  Sinai  Hospital,  Xew  York,  N.  Y. 
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The  island  of  Puerto  Rico  is  one  of  the  (ircaler  Antilles  between  the  Atlantic 
and  the  Caribbean  seas.  They  are  tlie  summits  of  submerged  mountain  ranges. 
The  island  is  very  small  (35  l\v  KM)  miles).  It  was  dis(H)vered  by  Columbus  in 
1493.  The  Spanish  conquest  invoKcd,  for  the  islander,  a  radically  new  ecoiionii(' 
and  religious  system.  Its  expressed  intent  was  to  mold  the  aboriginal  culture  into 
a  form  that  could  be  dominated  and  controlled  by  the  Spaniards.  Some  features 
including  social  and  religious  concepts  were  forced  upon  the  two  different  groups 
of  people,  the  Arawak  and  the  Carib,  found  by  the  discoverers.  These  in- 
habitants, unlike  their  brothers  in  Mexico,  Peru  or  Guatemala,  did  not  ha\'e  an 
advanced  culture,  (which  in  any  case,  was  going  to  be  obliterated).  The  original 
munber  of  natives  is  estimated  to  have  been  (100,000.  In  a  very  short  period  of 
time  they  were  exterminated.  In  1582  it  was  ofhcially  reported  that  none  was  left. 
Thereafter,  the  surviving  culture  was  largely  concerned  with  subsistence  and 
utilitarian  pursuits,  but  even  these  were  modified  by  Spanish  influences.  In  1898 
the  Spanish  rule  ended  after  400  years  of  government.  Meanwhile,  the  continuous 
influx  of  Negro  slaves  and  their  descendants  had  a  striking  effect  upon  the 
Spanish-Indian  culture.  The  possible  influence  of  the  Negroes  upon  aboriginal 
and  European  inhabitants  of  the  island  should  not  be  minimized. 

The  factual  ethnic  basis  of  the  existing  Puerto  Rican  population  is  possible  of 
almost  exact  determination.  Their  blood  lines  can  easily  be  detected  from  three 
main  sources:  Indian  (negligible),  Xegro  (actually  25  per  cent  of  the  population 
is  Negro)  and  white  Spaniard. 

At  present  the  alerted  Puerto  Rican  tends  more  and  more  towards  the  centers 
of  economic  activity,  and  for  them  the  promised  land  of  wealth  and  comfort 
seems  to  be  New  York  City.  It  is  of  interest  to  notice  that  Puerto  Ricans  and 
Negroes  comprise  17  per  cent  of  the  population  of  this  city. 

'  BEHAVIOR  REACTIONS  CULTURALLY  PATTERNED 

A  sort  of  official  culture  or  tradition,  whose  characteristics  are  not  within  the 
scope  of  this  paper,  is  forced  upon  the  children  by  the  father,  the  mother, 
and  of  course  by  the  society  in  which  they  live.  In  the  area  of  family  back- 
ground certain  patterns  are  transmitted  by  the  parents  to  their  offspring.  The 
parental  role  in  the  l)ringing  up  of  the  children  is,  as  expected,  very  impor- 
tant. The  father  has  un(}uestioned  authority  and  rules  the  entire  household. 
Modern  developmental  concepts  of  parenthood  and  childhood  are  absent.  Beating 
is  almost  universally  accepted.  Physical  punishment  of  the  child  seems  to  be  the 
approved  method  of  teaching  and  a  valuable  educational  tool,  thus  honoring 
the  centuries  old  Spanish  aphorism:  "La  letra  con  sangre  entra."  (To  learn  must 
be  done  through  pain,  even  to  the  point  of  having  blood  come  out  of  your  body.) 

One  of  our  patients  commenting  on  juvenile  delinciuency  said:  ".  .  .  today's 
generati(jn  is  lost  .  .  .  Reasons?  Children  can't  be  touched  by  their  parents.  If 
you  don't  hit  a  child  you  can't  teach  him.  .  ."  This  parental  attitude  is  found  in 
practically  every  clinical  history. 

Another  beha^'ior  reaction  that  seems  to  be  culturally  patterned  is  the  almost 
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uiii\ I'lsal  tciulciicv  to  consider  woman  as  inferior  to  man.  This  trend  is  undoubt- 
edly favored  by  the  Spanish-Catliohc  tradition  whieh  sees  man  as  inherently 
superior  to  woman.  Cultui'ally,  in  the  case  of  tlie  man,  extra-marital  relations 
are  ixMinitted.  Conunon-law  marriages  are  fre(|uent,  although  the  woman,  called 
c()ncul)ine,  has  roughly  the  same  social  status  as  a  legal  wife. 

Summarizing,  these  brief  examples  indicate  that  their  behavioral  practices 
are  dit't'erent  from  the  society  into  which  th(>y  come  and,  inevitably,  conflicts 
between  the  two  cultures  arise.  In  this  work  an  attempt  is  made  to  present  some 
of  these  patterns  of  behavior,  which  are  freciuently  exhibited  by  the  Spanish- 
speaking  group.  Two  of  them.  Spiritualism  and  what  we  call  the  demanding 
attitude,  will      analyzed  in  some  detail. 

SPIKITUALISM  AS  A  RELIGIOrS  PHEXOMEXOX 

The  claim  that  religious  phenomena  can  be  brought  within  the  orbit  of  science 
has  not  yet  been  substantiated  oi'  even  widely  conceded.  Frazer  defines  religion 
as:  "A  propitiation  and  conciliation  of  powers  .superior  to  man."  Herbert  Spencer 
says:  "'The  beginnings  of  religion  are  due  to  the  necessity  of  propitiating  ances- 
tors already  dead."  Freud's  paper  on  Religious  Origins  (1919)  states  that: 

.  .  if  the  prehistoric  and  ethnical  material  is  worked  over  psychoanalytically, 
we  arri\-e  at  unexpectedly  precise  results:  namely,  that  God-father  once  walked 
upon  the  Earth  in  bodily  form  and  exercised  his  .sovereignty  as  chieftain  of  the 
primal  human  horde,  until  his  sons  miite  to  slay  him.  .  ." 

Spiritualism  as  an  articulate  foiin  of  religion  owes  its  name  to  Andrew  Jackson 
Davis,  whose  book  "Nature's  Divine  Revelation,"  published  in  1847,  has  gone 
through  more  than  40  editions.  His  manner  of  expression  was  colored  by 
Mesmer's  theories  in  vogue  at  the  time.  Davis  accepted  the  tri-partite  nature  of 
man.  The  Spirit  was  one  with  the  Divine,  as  a  process  of  it.  The  Soul,  the  inter- 
mediate substance,  linking  body  and  spirit,  is  animal  in  origin  and  may  be  re- 
garded as  a  sublimation  of  the  Body,  with  its  limbs  and  .senses.  The  Body  is 
nothing  but  the  material  covering  by  which  the  Soul  communicates  with  the  rest 
of  the  material  world.  As  we  grow  older,  Spirit  and  Soul  gradually  withdraw  from 
the  fleshly  wrapping,  and  when  the  process  is  finished,  the  Soul  fjuietly  and  peace- 
fully al)andons  it.  Davis  deduced  that  death  is  not  merely  figuratively  but  liter- 
ally a  birth  from  lower  to  higher  planes. 

The  dead  pass  slowlj-  from  sphere  to  sphere,  but  as  Spirits  they  are  not  troubled 
by  distance,  and  of  course  not  excluded  by  corporeal  bars.  The  communication 
ix'tween  earthly  and  spiritual  spheres  is  effected  through  "mediums."  They  pass 
messages  from  the  next  world.  The.se  activities  are  carried  out  at  seances,  where 
ten  or  tweh-e  persons  gather  together,  two  or  three  of  them  being  mediums.  The 
others  come  to  the  session  to  learn  about  their  prol)lems,  life  and  future.  The 
three  active  participants  sit  around  a  tal)le.  One  by  one  they  are  "taken"  by  the 
spirits.  A  sort  of  In'.sterical  convulsion  follows,  indicating  the  entrance  of  the 
spirit  into  their  l>odies.  Then  they  start  to  talk,  ciuestioning  each  member  of  the 
audience  about  himself.  One  in  the  group  produces  his  .symptoms  or  problems; 
the  medium,  at  that  point  in  a  trance,  proclaims  that  an  e\  il  hired  spirit  is  re- 
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lentlessly  i)iii'siiiiif2;  the  person.  'I'lic  mcdiuiu  calls  I'oi'  a  i)ii\al('  coiisiiltal ion  which 
takes  place  at'tei-  the  seance.  Duriii};;  the  pat  lent -niedhiin  coiil'erence,  the  con- 
sultant is  infoinied  al)out  tlie  charact.er  of  the  pui'suinfj;  sjjiiit.  lie  is  given 
remedies,  often  "spirituous"  substances,  suc^h  as  s|)iiit  of  luipentine,  etc.,  or  a 
concoction  of  herbs  to  rul)  the  skin  with.  One  or  two  dollais  is  the  piice  of  tlie 
consultation.  In  New  York  City  there  are  iiuunnerable  piact icinj;  mediums. 

Spiritualism  enciicl(>s  our  Spanish-speaking  patients  as  a  religious  saturnal 
ring.  Everyone  is  exposed  to  its  influence.  The  ma,if)rity  of  our  patients'  religiosity 
is  catalyzed  by  the  spiritualistic  phenomenon.  Statistical  studies  have  indicated 
that  12  per  cent  of  the  total  population  of  Puerto  Rico  believes  in  spiritualism.  A 
rough  estimate  of  its  pi-e\-alence  among  our  patients,  would  suggest  a  figure 
closer  to  !)8  per  cent.  Fuithermore,  those  who  are  not  actual  l)elievers  have, 
inevitably,  been  in  contact  with  relatives  who  actually  were  practicing  spiritual- 
ists. This  sort  of  spurious  i-eligion  plays  a  very  important  role  in  the  behavioral 
practices  of  a  large  sector  of  the  Puerto  Rican  patient  population  that  comes  to 
oui'  clinics  and  medical  services. 

CASE  HISTORIES 

A  sumnuirv  of  eleven  cases  will  be  presented.  However,  it  is  of  interest  to 
recount,  as  a  prologue,  the  following  incident. 

On  February  ;^i-d,  1958,  strange  things  happened  in  the  home  of  a  Catholic 
middle-class  family.  Bottles  of  holy  water  on  the  bureau  became  uncapped, 
jumbled  and  tuml)led  around.  The  police  had  to  be  called.  A  priest  of  the  Church 
of  Saint  William  the  Abbot,  in  the  town  of  Seaford,  Long  Island,  came  to  the 
house  and  blessed  it.  There  was  some  discussion  of  the  Catholic  rite  of  exorcism. 
Twenty  days  later  an  18-iiich  statue  of  the  Virgin  flew  over  12  feet;  it  was  sug- 
gested that  the  disturbances  were  caused  by  a  poltergeist,  the  noisy  ghost  of 
folklore.  Several  people  have  assumed  that  the  family  must  have  some  "occult 
knowledge." 

These  facts  were  reported  in  the  March  17th  issue  of  Life  Magazine  under  the 
title:  "House  Of  Flying  Objects — A  (Jhostly  Mystery  Plagues  A  Family."  The 
author  was  able  to  telescope  in  a  few  pages  all  the  ingredients  that  made  the 
incident  national  news.  Here,  as  before  in  the  history  of  mankind,  supernatural 
forces  were  invoked  to  explain  a  mystery,  but  the  basic  elements  remain  un- 
changed in  spite  of  time,  place  and  cultural  milieu.  A  religious  family  possessed 
by  evil  forces,  probably  the  devil,  the  Chiu'ch  considering  exorcism,  a  priest 
blessing  the  house  and  actively  fighting  the  demoniac  spirit.  Even  the  scientific 
world,  (Duke  I'niversity)  entered  by  sending  one  of  its  reseai'chei's  to  investigate 
the  case.  But  the  problem  remained  unsolved  and  in  the  nnnds  of  millions  of 
readers  lives  the  certainty  that  uncanny  forces  of  the  beyond  have  been  at  work. 

It  is  curious  to  notice  that  ceiituiies  of  civilization,  progress  and  scientific 
achievement  wei-e  ignored  and  that,  man  himself  started  to  operate  at  the  same 
level  of  pi-imiti\ism,  frightened  by  what  he  considered  uncontrollable  devilish 
forces,  as  his  less  (-ivilized  brother  ditl  in  ancient  time  or  as  he  still  does  in  other 
areas  of  the  world,  including  the  world  of  our  Spanish-speaking  patients.  Long 
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ago  Sigmund  Freud  said:  "The  basic  emotional  patterns  are  uui\'orsal,"  and  we 
may  very  well  add:  "they  have  not  changed  with  time,  and  do  not  recognize 
culture,  civilization  or  other  frontiers.  .  ." 

CASE  KEPOHTS 
Case  1 

A  girl  of  22,  diagnosed  as  acute  anxietj-  neurosis,  told  the  following:  "My  mother  was 
a  'medium' — she  used  to  be  taken  by  spirits.  When  my  cousin  married,  her  dead  mother 
communicated  with  mine  and  approved  of  the  marriage.  I  myself  have  faculties.  The  spirit 
of  a  prostitute,  who  died  with  her  face  jabbed  by  a  knife,  wanted  to  cut  my  face.  She  will 
never  allow  me  to  marry.  I  went  to  see  a  'medium.'  He  told  me  that  my  mother,  now  dead, 
will  always  protect  me." 

Case  2 

A  woman  of  40  had  the  spirit  within  her.  It  was  a  spirit  hired  by  a  former  girl  friend 
of  her  husband's.  The  medium  recognized  certain  .sexual  connotations  in  the  case.  He 
decided  that  by  having  sexual  intercourse  with  the  possessed  woman  his  supernatural 
powers  would  force  the  spirit  of  the  prostitute  to  get  out  by  way  of  the  woman's  vagina 
through  his  penis,  and  thus  break  the  spell. 

Case  3 

A  young  man  of  22  told  me:  "My  aunt  whose  son  died  a  few  months  ago,  talks  with  him 
in  almost  daily  sessions.  She  feels  that  she  has  not  lost  him."  The  same  patient  related  that 
a  boy  friend  of  his  sister's  was  killed  in  a  brawl.  The  spirit  of  the  assassinated  person  took 
possession  of  the  girl.  After  that  she  behaved  as  a  man,  walked  as  a  man,  talked  as  a  man, 
and  thought  as  a  man.  The  entire  family  knew  very  well  what  it  was. 

Case  4 

A  44  year  old  woman,  with  a  college  degree  in  social  work,  had  a  fight  with  a  "client" 
on  a  Friday.  The  client  cursed  her  and  told  her  that  ".  .  .  she  would  crawl  like  a  snake.  .  ." 
A  month  later,  thieves  robbed  her  home.  She  also  broke  her  arm  and  lost  her  savings.  In 
the  meanwhile,  one  of  her  daughters  became  mentally  ill.  Several  "mediums"  and  the 
entire  familj-  agreed  that  she  was  under  the  influence  of  an  evil  hired  spirit. 

Case  5 

The  i)arents  of  a  yoiuig  girl  came  to  me  for  diagnosis.  Was  their  daughter  mentally  ill 
or  not?  Once  they  were  told  that  she  actually  was  an  incipient  case  of  Schizophrenia,  they 
departed  very  happy.  Confidentially  they  told  me:  "Look  doctor,  we  know  who  does  it, 
and  why.  We  will  work  at  it,  and  the  spirits  will  leave  her  .  .  .  she  does  not  need  your  treat- 
ment." 

Case  6 

A  married  woman  was  seen  psychiatrically.  The  family  came  to  congratulate  me.  Their 
medium  had  told  them  that  I  (the  doctor)  was  doing  all  right,  and  that  she  (the  medium) 
did  not  object  to  have  the  patient  seen  by  me. 

Case  7 

In  the  medical  wards  a  man  had  a  coronary  thrombosis,  his  third,  and  probably  his 
last  attack.  He  said:  ".  .  .  nothing  is  wrong  with  me,  some  spirits  are  doing  this.  .  .  if  I 
could  only  drink  some  concoction  made  of  herbs  I  could  be  cured  .  .  .  but  doctors  here 
do  not  understand  these  things  .  .  .  they  are  good,  but  ignorant  in  these  matters.  .  ." 
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Case  8 

A  youiis  vvomiui  was  told  that  haijpiiioss  (U'1)(mi(1c(1  on  her  marrying  the  reincarnation 
of  one  of  her  ancestors.  In  a  former  life,  eenturies  ago,  she  had  been  a  princess,  married 
to  a  prince.  In  pursuit  of  happiness  she  married  an  old  Portuguese  sailor,  who  mistreated 
her  and  drank  too  much.  This  patient  came  to  me  in  a  mild  depressive  mood.  Very  soon 
she  announced  that  I  was  the  reincarnation  of  the  fornior  husband  and  prince.  The  "medium" 
confirmed  the  theory. 

Case  9 

A  35  year  old  compulsive  barber  was  obsessed  with  the  idea  of  his  wife  being  unfaithful 
tohim.Duringthecourseof  thetreatmentthefamily  decidedthat  his  case  should  bebrought 
to  the  attention  of  a  higher  spiritual  power  in  Puerto  Rico,  since  several  "mediums"  in 
New  York  agreed  that  the  man  was  possessed  by  a  spirit.  A  "medium"  in  San  Juan  (P.R.) 
sent  a  silk  handkerchief  to  the  patient  for  him  to  wear  for  seven  days  and  seven  nights. 
This  was  done  and  the  handkerchief  was  retiwned  to  the  "medium"  by  air  mail.  He 
"worked"  on  the  handkerchief,  and  again  the  piece  of  cloth  was  sent  to  New  York.  The  jni- 
tient  was  to  throw  the  handkerchief  in  a  remote  street  of  the  Bronx,  and  then  be  cured. 
Unfortunately  the  obsessional  doubts  of  the  patient  did  not  allow  him  to  follow  the  orders 
of  the  "medium."  He  walked  miles  and  miles,  up  to  the  point  of  exhaustion,  to  return 
home  day  after  day  with  the  satanic  handkerchief  still  in  his  possession.  Finally  it  was 
decided  that  he  should  throw  it  in  the  toilet  bowl. 

Case  10 

In  the  Klingstein  Pavilion  a  young  expectant  mother  vomited  continuously.  Vomiting 
started  soon  after  the  onset  of  her  pregnancy,  and  this  resulted  in  her  admission  to  the 
Maternity  Ward.  She,  of  course,  believed  in  spirits,  and  accordingly  her  husband  organized 
a  few  spiritualistic  seances  at  their  home.  It  was  elicited  that  the  vomiting  was  the  wrong 
doing  of  an  evil  spirit,  and  that  pregnancy  should  be  discontinued.  She  openly  asked  me 
for  interruption  of  pregnancy. 

Case  11 

In  the  Neurological  Ward  a  36  year  old  female  was  diagnosed  as  hysterical  blindness. 
Raped  at  a  very  earlj'  age,  she  had  her  first  child  before  she  was  13.  She  came  directly  from 
Puerto  Rico  to  New  York  in  order  to  be  hospitalized  at  The  Mount  Sinai  Hospital.  She  said 
that  before  the  attacks  of  l)lindness,  the  Virgin  Saint  Lucy,  blind  herself,  appeared  to  her 
and  talked.  The  next  morning,  and  after  a  violent  headache,  she  would  become  temporarily 
blind.  There  was  no  question  in  her  mind  about  the  spirits  having  a  great  deal  to  do  with 
her  case  and  the  disease.  One  of  her  nurses  had  blue  eyes  and  blond  hair,  and  like  the  Virgin, 
she  was  dressed  in  blue  and  white.  The  patient  knew  that  some  benevolent  spirit  had  ar- 
ranged for  her  to  have  a  blue-eyed  nurse,  an  alter-ego  of  the  Virgin,  to  help  her  in  the  ])roc- 
ess  of  being  cured. 

INTERPRETATION 

In  these  cases  the  following  elements  are  present:  spirits  deciding  marriage, 
prostitution;  comminiication  with  the  dead;  determining  bad  pregnancies  and 
causing  diseases  such  as  blindness,  coronary  thrombosis  and  mental  illness.  They 
may  work  either  with  or  against  the  doctor.  If  these  facts  are  accepted  as  true, 
other  associated  trends  such  as  hallucinations,  delusional  ideas,  ideas  of  influence 
by  outside  forces,  interference  with  thinking,  persecutory  trends,  voices  calling 
their  names  (mostly  the  mother's  voice),  etc.,  can  be  present;  and  they  actually 
are  in  the  majority  of  our  patients.  These  phenomena  do  not  have  a  particular 
pathological  significance  and  they  do  not  necessarily  represent  a  psychotic  proc- 
ess. They  are  merely  part  of  this  people's  religious  structure.  Once  the  strange 
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spiritualistic  nature  of  the  symptoms  is  appreciated  the  only  possible  cure  is  to 
outwit  or  to  get  rid  of  the  spirits.  Thus  the  power  obtained  by  spiritualism  is 
immense.  It  gives  an  undisputed  control  over  the  world  of  the  dead  and  procures 
for  the  possessor  of  this  belief  a  mastery  over  nature.  While  it  is  true  that  every- 
one can  be  exposed  to  someone  else's  vengeance,  as  is  the  case  in  most  of  our 
patients,  each  one  can  also  hire  a  spirit  and  become  onmipotent.  This  almost 
religious  feeling  of  omnipotence,  as  mentioned  by  Freud  in  "Civilization  and  Its 
Discontents,"  is  what  the  deprived  Puerto  Rican  man  considers  so  valuable.  A 
dynamic  interpretation  of  the  phenomenon  of  Spiritualism  will  take  us  to  the 
paper  on  "Neurosis  of  Demoniacal  Possession"  by  S.  Freud.  He  states:  ".  .  .  the 
problem  of  motivation  here  is  that  one  sells  oneself  to  the  devil,  because  the 
devil  in  return  for  the  immortal  soul  has  much  to  offer  that  is  highly  treasured  of 
man:  health,  immunity  from  dangers,  power  over  mankind  and  over  the  forces 
of  nature.  .  ." 

Spiritualism,  in  our  group  (^f  patients,  has  also  the  meaning  of  a  valiant  un- 
orthodox gesture  of  rebellion  against  the  monolithic  power  of  the  church,  it 
ciuite  probably  representing  a  largely  unconscious  resentment  of  the  clerical 
grasp  of  the  psyche  of  the  Puerto  Rican  man.  The  authority  of  the  priest  cannot 
be  argued  along  terrestrial  lines,  only  along  spiritual  ones.  Engaging  into  dealings 
with  spirits,  commanding  them  or  propitiating  them,  casting  spells,  or  learning 
the  art  of  controlling  nature,  brings  defeat  to  the  churchman  and  victory  to  the 
underdog.  Using  an  analytical  terminology.  Spiritualism  as  we  see  it  in  our  pa- 
tients with  its  exacerbated  mechanisms  of  rebellion,  may  be  an  attempt  to  solve 
the  otherwise  unsolved  oedipal  situation,  but  in  almost  collective  terms. 

THE    DEMANDING  ATTITUDE  TOWARDS  THE  DOCTOR 

Once  a  patient  said  to  me:  "I  don't  care  who  you  are,  what  you  do  or  how  you 
feel.  The  city  pays  you,  you  have  to  take  care  of  me,  this  is  my  right  and  your 
duty."  This  demanding  attitude  repeats  itself  again  and  again.  The  hospital, 
with  its  physical  structure  that  gives  shelter  to  patients  when  in  need,  is  an  in- 
controvertible reality,  but  the  doctors  do  not  seem  to  exist  as  individual  entities. 
It  is  true  that  they  are  powerful  persons  invested  with  authority,  but  they  never 
do  what  they  are  supposed  to  do.  Systematically  the  doctor  is  wrong,  surgery  is 
wrong  most  of  the  time  and  frequently  uncalled  for.  Diagnoses  are  wrong,  and 
wrong  are  the  treatments.  Very  seldom  do  we  hear  laudatory  comments  among 
these  patients. 

To  the  layman,  this  attitude  is  reprehensible  and  calls  for  rejection.  Even 
the  doctor  or  the  social  worker  is  prone  to  be  irritated  and  behave  accordingly, 
developing  a  sort  of  ethnological  bias.  It  is  clear,  however,  that  we  are  con- 
fronted with  a  reaction-formation  mechanism,  directed  toward  the  man-physician 
invested  with  so  much  authority.  Its  significance  as  a  collective  mechanism 
should  be  fully  understood. 

A  psycho-social  interpretation  of  this  demanding  attitude  gives  us  a  differ- 
ent view  of  the  situation.  It  seems  that  we  are  dealing  with  a  piece  of  cultural  be- 
havior that  must  be  referred  to  some  historically  antecedent  pattern  of  behavior. 
The  majority  of  our  patients  come  fioni  a  fundamentally  peasant  culture; 
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their  traditional  p;itt(>rns  are  already  so  consolidated  by  this  tinu^  that  th(!y 
can  hai'dly  he  uprooted  and  therefore  remain  predominant.  To  them,  the  law 
with  its  implications  seems  inevitably  at  the  service  of  the  |)o\v('rful  who  in 
turn  uses  his  strength  in  a  very  arbitrary  way.  The  ruler,  gigantic  father  [igur(!, 
(luring  the  past  400  years  has  been  embodied  with  all  the  powers  and  helped 
in  his  endeavors  by  a  puiiiti\-e,  castrating  mother-church.  A  collective  form  of 
resentment  could  have  taken  place  and  crystallized  in  a  definite  antagonism 
toward  organized  society  or  the  principle  of  authority.  This  goes  so  far  as  to 
consider  the  delinquent  as  a  hero-like  figure  who  fights  for  righteousness.  To 
be  in  jail  is  not  infamous  but  an  obvious  sign  of  manhood  that  is  commendable. 
One  of  our  patients  expressed  it  in  a  clear-cut  fashion:  "If  someone  does  some- 
thing to  me  I  will  let  him  have  it,  and  if  I  go  to  jail  I  don't  care,  because  I  know 
the  jails  are  made  for  men  that  are  really  men.  .  ." 

STATISTICAL  SURVEY 

The  following  data  indicate  the  great  influx  of  Spanish-speaking  patients 
at  The  Mount  Sinai  Hospital  (Tables  I-V). 

TABLE  I 


In-patients  at  The  Mount  Sinai  Hospital  1957 


Number 

Percentage 

Total  patients  

6338 

100.0 

Spanish-name  patients  

1932 

30.4 

Male  

815 

12.8 

Female  

1117 

17.6 

TABLE  II 

Percentages  of  groups  within  Spanish-name  in-patients  for  1957 

Number 

Percentage 

Total  Spanish-name  in-patients  

1932 

100 

Sex 

Male  

815 

42.2 

Female  

1117 

57.8 

Age  (both  sexes) 

1-15  years  

626 

32.4 

506 

26.1 

30-45  years  

438 

22.6 

45-55  years  and  over  

361 

18.6 

Birthplace 

Puerto  Rico  

1292 

66.8 

United  States  

525 

27.1 

Elsewhere  

116 

6.0 

Borough  of  residence 

Manhattan  

1569 

81.2 

The  Bronx  

275 

14.2 

Other  

88 

4.0 
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TABLE  III 

Percentages  of  services  admissions  within  Spanish-name  in-paticnis  at  The  Mount 

Sinai  Hospital  1957 


*ln  161  admissions  to  Gynecology,  34  were  for  incomplete  abortions  (21%). 


TABLE  IV 


Percentages  of  Spanish-name  in-patients  in  total  services  admissions  at  The  Mount 

Sinai  Hospital  1957 


Service 

Spanish-name 
In-patients 

Total 
In-patients 

Percentage 

Surgery  

439 

1569 

27.8 

Orthopedic  

73 

171 

42.6 

Pediatric  

444 

1058 

41.9 

Medical  

325 

1809 

17.9 

Gynecology  

370 

756 

48.9 

E  N  T  

145 

255 

56.8 

Dental  

11 

58 

18.9 

Eye  

77 

171 

45.0 

Neurology  

46 

363 

12.5 

Psychiatric  

2 

128 

15.6 

Total  

1932 

6338 

TABLE  V 

Summary 


Out-patient  Department 


All  new  applicants 

7000 

43%  were  P.R.  (40%  were  adults, 

3220 

60%  children) 

All   new   applicants   to  Pre-natal 

800 

50%  were  P.R. 

400 

Clinic 

In-Services 

Total  admissions 

6338 

30.4%  were  P.R. 

1932 

Monthly  average  of  Puerto  Rican 

150-190 
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CONCLUSION 

It  is  a  basics  assumption  that  societies  will  maintain  their  cnltnre  Ihroniih  an 
indefinitely  lonjj;  period  ol'  time,  at  least  lonj>;er  than  one  life-time.  \'et,  heic  in 
New  ^'ork  we  are  spectators  of  a  process  of  al)S()r{)tion  and  amiihilation  l)y 
assimilation  of  a  newly  arrived  society,  the  l'\ieito  liican  f;roup,  that  is  being 
forced  to  a  drastic  and  sudden  change  in  its  hal)its  and  pattei-ns  of  culture. 

Thou.sands  of  these  people  come  to  us  for  help  and  advice,  utilizing  our  clinics 
and  services.  It  is  our  oi)ligation  to  be  properly  equipped  to  perform  oui-  duties 
to  the  best  of  our  al)ilities,  speeding  the  process  of  their  integration  into  our 
ways  of  life. 

To  understand  them  is  to  help  them.  In  the  ultimate  analysis,  to  understand 
and  to  help  a  single  man  is  to  understand  and  to  lielp  the  entire  human  race. 


SURGICAL  CLOSURE  OF  THE  INCOMPETENT  CERVICAL  OS 
DURING  PREGNANCY 


J()Si;i'H  J.  ROVINSKY,  M.D. 

AND 

UOHl'HT  A.  SHKR,  M.D. 
New  York,  N.  Y. 

Surgical  closure  of  the  uterine  cervdx  as  a  method  of  management  of  the 
incompetent  cer\'ical  os,  a  proposed  cause  of  second  trimester  abortion,  first 
came  to  the  attention  of  ol)stetricians  in  1955.  In  an  attempt  to  evaluate  this 
therapy  and  to  define  the  limits  of  its  usefulness,  this  procedure  was  performed 
on  a  .-Jcries  of  patients  on  the  Obstetrical  Service  of  The  Mount  Sinai  Hospital. 
In  a  Httle  over  a  year,  while  approximately  5000  patients  were  delivered  on 
this  service,  only  twelve  patients  were  found  to  be  suitable  for  surgical  closure 
of  the  cervix  although  the  widest  latitude  was  taken  in  laying  down  the  criteria 
for  selection.  With  this  l)road  base,  it  was  hoped  that  an  accurate  evaluation 
of  the  method,  its  hazards  and  benefits,  and  the  type  of  case  for  which  it  was 
suited,  might  be  more  easily  achieved. 

TECHXIQUE 

Our  primary  ccjncept  has  Ixhmi  to  place  a  purse-string  suture  of  non-reactive 
and  non-absorbable  material  sul)-mucosally  about  the  cervix,  and  by  constricting 
this  to  close  the  cervical  canal  for  the  duration  of  the  pregnancy.  From  the  onset, 
our  intent  has  been  to  di\'ide  this  suture  when  labor  started,  and  to  permit 
vaginal  delivery  if  possible. 

As  the  series  of  cases  unfolded,  several  minor  problems  were  clarified: 
Suture  material:  Initial  trials  were  made  with  strips  of  preserved  ox  fascia; 
these  results  were  disappointing,  the  suture  disintegrating  in  one  instance  in 
14  days,  and  in  a  second  instance  in  fi\'e  days.  All  subse(iuent  cases  were  sutured 
with  polyethylene  tul)ing  of  O.OGo  inches  diameter  (Becton,  Dickinson  and 
Company,  #444T).  To  prevent  stretching  of  this  tubing,  a  wick  of  ^5  braided 
surgical  silk  w^as  threaded  through  its  center  to  form  a  non-elastic  cord.  This 
suture  has  been  ol)ser\'ed  in  siti<  for  periods  up  to  14  weeks  without  evidence  of 
degeneration  or  tissue  reaction,  and  is  felt  to  be  eminently  satisfactory  for  this 
procedure. 

Anesthesia:  The  procedure,  with  the  exception  of  pre.s.sure  of  \-aginal  retrac- 
tors and  traction  applied  to  the  cervix,  is  relatively  painless.  Saddle-block  anes- 
thesia (Pontocaine,  4  mg.)  was  used  in  three  cases  and  then  discarded  because 
of  the  impression  that  uterine  irritability  was  enhanced  with  this  type  of  anes- 
thesia. The  final  agent  of  choice  was  pentothal-nitrous  oxide-oxygen,  w^hich  gave 

From  the  Dcijartmcnt  of  ( )lxstet lies  iiiid  Gynecology,  The  Mount  Sinai  Ho.spital,  New 
York,  N.  Y. 

Presented  at  a  meeting  of  the  iSectictn  on  Ob.stetrics  and  ClynecoU)gy  of  the  New  York 
Academy  of  Medicine,  May  27,  195S. 
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niaxinuiiu  pnliciil  (•(untort  with  n  iniiiiiniiin  level  of  aiicst hcsia.  In  two  cases 
wlu'i-c  the  patients  had  ealeii  shortly  piioi'  to  a(hnissioii  to  the  hospital,  it  was 
possible  to  perform  the  proeechire  under  hea\'y  scniatioii  alone,  i.e.,  morphine 
sulfate,  15  m^.,  and  scopolamine  liydrohi'omide,  0.4  mji.  int  I'aniii.sculaiiy,  and 
secobarbital  sodium,  1200  mj>;.  intravenously. 

Vaginal  preparation:  Initial  cases  were  picpai'ed  for  sui'^cry  !)y  cleansing 
the  vagina  thoioughly  with  tinctui'e  of  Zephiian  V  In  \  iew  of  the  open  cervix 
in  these  cases,  fretiuently  with  the  membranes  bulging,  the  ([uestion  was 
raised  as  to  whether  a  chemical  aninionitis  or  deciduitis  might  thus  be  induced 
and  contribute  to  a  bad  result.  All  subsequent  cases  were  simply  cleansed  ex- 
ternally and  the  interior  of  the  vagina  not  disturlied.  No  cases  of  infection  could 
be  attributed  to  the  procedure  per  sc. 

The  actual  techniciue  was  as  follows:  The  patient  was  placed  in  litliotomy 
position,  catheterized,  prepared,  and  draped  as  for  delivery.  The  cervix  was 
exposed  adecjuately  using  several  A'aginal  retractors;  two  assistants  were  found 
to  be  essential.  The  rim  of  cervix  was  grasped  in  four  (juadrants  with  long  Allis 
forceps  and  pulled  forward.  If  the  membranes  were  !)ulging  into  the  vagina, 
they  were  replaced  gently  at  this  time  and  controlled  with  moist,  nai'row  uterine 
packing.  At  the  junction  of  rugose  vagina  and  smooth  cervix,  a  vertical  nick 
was  made  anteriorly  at  12  o'clock  in  the  \'aginal  mucosa  to  expose  the  sub-mu- 
cosal  layer.  The  cer\'ical  sutui'e  was  passed  at  this  level.  In  this  series,  no  at- 
tempt was  made  to  advance  the  bladder  or  to  reach  the  level  of  the  internal 
OS.  The  polyethylene  tubing  with  braided  silk  core,  threaded  on  a  heavy, 
large,  cutting-edge  needle,  was  then  passed  sub-mucosally  around  the  entire 
circumference  of  the  cervix;  hve  or  six  passes  of  the  needle  were  necessary  to 
accomplish  this.  The  suture  was  tied  antei'iorly  as  tightly  as  possible,  and  the 
ends  clamped  with  lead  shot  to  prevent  slipping.  There  was  usually  moderate 
bleeding  during  the  procedure,  but  blood  loss  ceased  with  tying  of  the  suture. 
Although  the  suture  was  tied  very  tightly,  no  cervical  ischemia  could  be  demon- 
strated by  the  test  of  blanching  to  digital  pressure  and  the  immediate  return 
to  normal  color.  No  vaginal  packing  \vas  used.  All  patients  recei\'ed  morphine 
sulfate,  15  mg.  intramuscularly  every  four  hours,  until  the  further  course  of  the 
pregnancy  was  clarified,  and  all  i-eceived  a  l)road  spectrum  antibiotic  prophylac- 
tically.  No  other  adjuvant  therapy  was  employed.  In  all  cases,  whether  success- 
ful or  unsuccessful,  there  were  no  ill  effects  to  the  mother  from  the  procediu'e, 
nor  sufhcient  blood  loss  to  merit  transfusion. 

MATERIAL  AXU  RESULTS 

Cases  were  chosen  from  both  the  Private  and  Ward  Services  of  The  Mount 
Sinai  Hospital  in  three  categories:  poor  ol)stetrical  history,  premature  lal)or, 
and  patulous  cervical  os  in  the  absence  of  contractions.  It  was  hoped  that  this 
wide  selection  would  demonstrate  rapidly  the  limits  of  the  procedure.  Details 
of  nine  cases  are  presented  in  Table  I. 

The  remaining  three  cases  presented  with  a  large,  tense  protrusion  of  the 
amniotic  sac  into  the  vagina.  It  was  found  that  these  cases  were  irreversible; 
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Cases  of  sutured  cervix  in  pregnancy 


Case 

Age 

Parity 

Weeks 
of  Ges- 
tation 

Reason  for 
Suture 

Cervical 
Dilatation 

Duration 
of 
Suture 

Outcome  of  Pregnancy 

GT 

21 

0201 

24 

Patulous 



2  cm., 

14 

Rupt.  of  memb.  @  38  wks;  IV 

OS ;  coritr. 

long 

weeks 

pit  drip  after  48  hrs;  2290  gm. 

male,  L  &  W. 

JR 

16 

1001 

32 

I'l  rm.'il  ni'e 

3  cm., 

5 

Spont.  labor  recurred;  1930  gm. 

ci'- 

iaccd 

days 

male,  L  t^-  \V 

RK 

38 

0241 

14 

Poor  ohst. 

1  cm.. 

8 

Prem.  rupture  of  memb.,  spont. 

history 

long 

weeks 

labor;  530  gm.  male,  d.  2  hrs 

n.n.;   placenta   previa  and 

accreta — hysterectomy. 

IB 

29 

3142 

33 

l'i('iu:i t  uic 

t  cm.. 

3,!-2 

Spont.    labor    @    36H  wks.; 

lalior 

long 

weeks 

amniotomy;  2700  gm.  female, 

L  &  W. 

LM 

27 

0150 

14 

Poor  ohst. 

1  cm.. 

12 

Prem.  rupt .  <<(  memb.  (a  24  wks; 

history 

long 

weeks 

amnionit  i.-; ;  spont.  labor  (o  26 

wks;  825  gm.  female,  d.  4 

days. 

MR 

23 

0000 

30'^ 

Premature 

2  cm.. 

14 

Temp.  103.2— "flu";  1680  gm. 

labor 

ef- 

hours 

male,  d.  12  hrs.  n.n. 

faced 

CO 

22 

0401 

24 

Poor  obst. 

1  cm,, 

12 

Prem.  rupt.  of  memb.  (a  35 

Vii  Q  t  n  T"  \' 

111  O  li  Wl  > 

long 

gm.  male,  d.  4  hrs.  n.n.  of 

atalectasis. 

NP 

18 

0010 

25 

Patulous 

2  cm, , 

12 

Spont.  labor  @  37  wks;  3000 

OS 

long 

weeks 

gm.  male,  L  &  W. 

NP 

19 

1011 

24 

Premature 

3  cm,. 

20 

Labor    recurred;  amniotomy; 

labor 

ef- 

hours 

875  gm.  male,  d.  2  hrs.  n.n. 

faced 

one  amniotic  sac  rupturod  while  preparations  for  sutui-ing  the  cervix  were 
under  way,  a  second  ruptiu'ed  during  the  procedure,  antl  the  third  a  few  hours 
after  the  cervix  was  sutured.  All  three  pregnancies  terminated  rapidly  in  im- 
mature dehveries.  Much  dithcuhy  was  encountered  in  replacing  the  tense 
amniotic  sac  into  the  uterine  cavity,  and  it  seemed  that  underlying  uterine 
irritability  was  the  causative  factor  here  rather  than  passive  cer\-ical  dilatation. 

The  behavior  of  the  suttu'ed  cer\  ix  following  the  onset  of  labor  was  of  inter- 
est, since  this  represented  an  area  of  possible  danger  to  the  mother.  Initially, 
the  (juestion  of  uterine  rupture  in  the  neglected  case  was  raised.  As  it  developed, 
proper  sub-mucosal  placement  of  the  purse-string  suture  did  not  prevent 
normal  cer\'ical  effacement  and  dilatation.  With  the  exception  of  two  cases  in 
which  the  suture  had  not  l)een  ade({uately  anchored  posteriorly  and  in  which 
it  tore  through  the  ntucosa  at  that  point  once  contractions  started,  the  cervical 
tissue  behaved  normally  since  it,  per  sc,  was  not  transhxed.  The  cervix  effaced 
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Summary  of  cases  of  cervical  suture 


Reason  fur  Suture 

Number  of 
Cases 

Successful 
Result 

Per- cent 
Success 

Poor  obst.  history  

3 

0 

0 

Premature  labor  

4 

1 

25 

Bulging  membranes  

3 

0 

0 

Patulous  cervical  os  

2 

2 

100 

Overall  totals  

12 

3 

25 

and  was  drawn  up  inside  the  suture.  Cervical  dilatation  then  proceeded  in 
normal  fashion,  hut  with  the  para-cervical  mucosa  being  stretched  tightly  f»ver 
the  purse-string  suture.  It  was  evident  that  this  taut  mucosa  would  tear  long 
before  the  uterus  might  rupture  because  of  ol)structed  lal)or.  Once  the  suture 
was  severed  and  tension  relie\'ed,  cervical  dilatation  jumped  at  once  to  7  to  8 
centimeters.  Vaginal  deli^■erv  was  uneventful  in  every  case,  and  post -part  um 
inspection  of  the  cervix  re^'ealed  only  minor  lacerations  of  the  cervical  mucosa 
which  did  not  recjuire  suturing.  Xo  instance  of  unusual  cervical  bleeding  was 
encountered. 

Reviewing  the  cases,  it  becomes  evident  that  suturing  the  cervix  is  not  a 
panacea  for  the  ills  of  gestation.  The  series  is  summarized  in  Tal)le  II. 

The  limitations  of  the  procedure  are  thus  laid  bare.  Surgical  closure  of  the 
cervix  will  not  pre^■ent  the  onset  of  true  lalior  from  whatever  cause.  It  is  of  no 
help  in  the  patient  with  a  poor  ol)stetrical  history  l)ecause  of  germ  plasm  de- 
fects and  uterine,  placental,  or  fetal  anomalies.  It  will  not  inhiliit  uterine  con- 
tractions caused  by  hormonal  or  constitutional  factors.  Its  successful  applica- 
tion seems  to  be  limited  to  the  few  cases  of  passive  cervical  dilatation  presumal)ly 
caused  liy  internal  os  incompetence;  in  these  cases,  prevention  of  this  passive 
dilatation  may  inhibit  the  onset  of  uterine  contractions.  Both  of  the  successful 
cases  gave  a  history  of  previous  similar  late  aliortion  or  premature  lal)or,  and 
success  was  pos.sible  in  both  cases  because  the  process  was  interrupted  before 
true  lal)or  could  supervene.  In  the  cases  where  fetal  membranes  were  already 
bulging  under  tension,  uterine  irritability  was  such  that  the  process  had  be- 
come irreversible. 

DISCUSSION 

The  status  of  the  incompetent  internal  os  as  a  cause  of  second  trimester 
abortion  has  not  been  clarified.  There  is  little  information  available  about  the 
condition  of  the  cervix  in  normal  pregnancy;  there  are  no  figures  to  indicate 
how  long  a  cervix  may  remain  patulous  without  the  onset  of  labor.  The  only  recent 
study  of  this  problem  by  repeated  vaginal  examinations  in  the  third  trimester 
showed  that  by  the  beginning  of  the  ninth  month  the  cervix  was  at  least  two 
centimeters  dilated  in  (K)  per  cent  of  primipara  and  70  per  cent  of  multipara, 
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and  that  in  most  instances  this  dilatation  had  occurred  since  the  begiiuiing  of 
the  third  trimester.  It  was  t'eh  that  Braxton-Hicks  contractions  wore  responsible 
for  these  cer\  ical  chaiif^es  (1).  The  significance  of  effacement  and  dilatation  of 
the  cer\  ix  in  the  second  trimester  is  unknown.  Further,  the  patulous  status  of 
the  cervix  in  cases  of  multiple  gestation  is  noted  by  all.  Does  then  a  passive 
cervical  dilatation,  per  ,sr,  stimulate  uterine  contractions,  or  are  these  the  result 
of  a  secondary  deciduitis,  or  of  premature  ruj)ture  of  membranes?  Is  there  any 
such  entity  as  completely  passive  cervical  dilatation?  These  ciuestions  remain 
open  foi'  further  investigation,  especially  \  ia  the  tokodynamometer. 

We  may  conclude  at  present  that  the  entity  of  incompetent  internal  os  does 
exist,  but  that  this  is  a  rare  syndi'ome.  In  our  own  .series,  only  four  patients 
presented  the  clinical  pictiu'e  as  i-igidly  defined,  thus  giving  an  incidence  of 
1  :T25()  deliveries.  Barter  had  19  cases  in  35,000  deliveries,  an  incidence  of  1 : 1850 
(2).  Eastman  also  feels  that  this  syndrome  plays  a  relati\-ely  minor  role  in  the 
etiology  of  late  aboition  in  his  experience  (3).  One  must  therefore  adhere  to 
very  rigid  criteria  in  the  selection  of  patients  for  surgical  intervention. 

The  therapeutic  approach  to  this  problem  has  been  along  two  lines:  during 
pregnancies  and  between  pregnancies.  The  inter\-al  procedure  was  first  proposed 
in  1950  by  Lash  and  Lash  (4).  Many  (juestions  about  this  method  are  still 
unsettled  (3,  5-9).  The  problem  of  diagnosis  has  not  been  satisfactorily  soh'ed, 
nor  ha\'e  the  operati\'e  results  been  uniformly  good  as  regards  subsequent 
fertility  of  the  patients  (10).  Surgical  repair  of  the  incompetent  os  during  preg- 
nancy was  first  reported  in  1955  by  Shirodkar  (11),  and  further  developed 
l)y  McDonald  (12),  and  Barter  and  his  co-workers  (2,  13)  among  others.  The 
modifications  of  the  Shirodkar  procedure  seemed  to  have  many  advantages: 
the  pregnancy  is  already  in  situ;  the  procedure  is  innocuous  to  mother  and  fetus; 
it  is  applicable  to  any  stage  of  gestation  and  to  patients  first  seen  during  preg- 
nancy; and  there  need  be  no  interference  with  normal  labor  and  deliA'ery.  There 
would  seem  to  be  no  good  reason  to  leave  the  cer\-ical  sutm-e  in  place  and  deli\-er 
the  patient  by  cesarean  section,  since  almost  all  of  these  patients  have  relatively 
easy  labors  and  simple  vaginal  deli\'eries  if  permitted  to  do  so.  The  psychological 
problems  attending  suturing  of  the  cervix  with  each  pregnancy  are  more  than 
offset  by  the  trauma  and  hazai'ds  of  repeated  cesarean  section. 

The  major  problem  remains  the  proper  selection  of  patients  for  this  proce- 
dvu'e.  From  our  limited  experience,  it  seems  that  the  optimum  method  of  diag- 
nf)sis  is  observation  of  a  patient's  reproductive  performance.  With  the  symptoms 
of  pi'ofuse  \'aginal  discharge,  pelvic  pressure,  and  "lump"  in  the  vagina, 
examination  will  usually  reveal  the  cervix  to  be  already  effaced  and  dilated 
and  the  amniotic  sac  bulging  into  the  vagina.  At  this  stage,  the  outcome  is 
almost  ine^•ital)ly  abortion.  Thei-apy  must  be  instituted  before  this  point  is 
reached,  which  in  McDonald's  experience  appeared  at  20  to  24  weeks  gestation 
(12).  The  tW'O  most  important  avenues  of  diagnosis  are  therefore  history  and 
examination.  A  poor  obstetrical  history,  although  suspicious,  is  not  sufficient; 
many  other  factors  may  be  responsible  foi'  repeated  premature  labors,  and 
these  must  be  ruled  out.  Even  if  the  pregnancy  ma.y  be  prolonged,  the  cases 
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ill  whicli  podi'  j>;('riu  i)l;isin,  ])l;ic('iital  al)ii(iiiii;ilil y,  or  \)nt)V  ulciiiic  ciixiroii- 
ment  are  the  otiolof^ic  t'actoi's  will  terminate  wilh  pmn  fetal  results.  This  was 
demonstrated  by  several  cases  in  onv  series.  I'acii  icpeated  premat  inc  rupture 
of  membranes  is  not  sufficient  foi-  diagnosis.  The  typical  history  is  tfiat  of  cervi- 
cal tlilatation  in  the  second  trimester  without  painful  coiitiactioiis,  determined 
by  examination  before  rupture  of  membranes  or  onset  of  labor.  If  this  has 
occurred  even  once  with  the  deli\erv  of  a  noiinal  fetus,  suture  of  the  cervix  is 
indicated  with  future  pregnancies.  Gi\'en  this  history,  the  proc^edure  is  best 
performed  prophylactically  at  the  beginning  of  the  second  trimc^ster,  oime  tlm 
period  of  early  spontaneous  abortion  has  passed.  With  a  suspicicjus  but  incon- 
clusi\'e  history,  repeated  and  frequent  vaginal  examinations  must  be  carried 
out,  and  the  cervix  sutured  if  there  is  any  sign  of  effacement  or  dilatation.  That 
this  is  not  the  method  of  choice  was  shown  by  one  case  in  our  series  in  which  a 
fully  effaced  and  four  centimeter  dilated  cervix  with  a  tensely  bulging  sac  of 
membranes  was  found  48  hours  after  ^'aginal  examination  had  revealed  a  long, 
closed  cervix;  there  had  been  no  interim  symptoms  or  noticeable  contractions. 
It  is  our  feeling  that  if  any  doubt  exists,  the  cervix  is  better  sutured;  that  there 
is  so  little  risk  inherent  in  the  procedure  that  it  may  even  be  employed  as  a 
therapeutic  trial  with  impunity. 

Definite  contraindications  to  the  procedure  do  exist.  These  include  active 
labor,  ruptured  membranes,  fetal  anomaly,  uterine  bleeding,  and  hydramnios. 

COXCLl'SIOXS 

(a)  .  A  series  of  tweh'e  cases  of  cervical  tutiue  in  pregnancy  is  presented,  the 
method  described,  and  the  results  discussed. 

(b)  .  Suturing  of  the  cervix  uteri  is  a  satisfactory  method  of  therapy  for  the 
incompetent  internal  os.  Vaginal  delivery  can  be  readily  accomplished  and 
should  be  the  method  of  choice. 

(c)  .  To  achieve  the  maximum  benefits  from  the  procedure,  strict  criteria 
must  obtain  in  the  selection  of  patients.  The  indications  and  contraindications 
are  listed. 
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The  connective  tissue  system  i)(M-\;i(les  nil  tli(>  struct  tires  oi'  the  huiu;iii  hody. 
Ill  (loiuo"  so  it  takes  many  structural  forms.  Tht-se  may  differ  considerahly,  as 
in  the  delicate  interstices  of  the  arterial  wall,  the  areolar  network  of  the  lym- 
phatics, the  j^ellow  ligament  of  the  vertebral  laminae,  the  skeleton  itself  or  the 
dense  hhrous  fascia  of  the  lateral  femoral  hand.  It  is  among  the  most  stable  and 
resistant  of  tissues  and  the  most  readily  reproducti\e  in  the  form  of  inelastic 
scar  tissue.  In  all  areas,  however,  it  remains  (jualitatively  similar,  differing  only 
in  the  relati\'e  (|uantities  of  its  several  histologic  and  cytologic  components  and, 
in  certain  specialized  sites,  by  the  inclusion  of  extraneous  cells  and  extracellular 
material,  meandering  or  deposited  in  its  network. 

Within  the  large  body  of  writings  on  the  connective  tissues  there  is  a  notal)le 
paucity  of  studies  relati\'e  to  the  effect  of  aging  on  their  structure.  That  which 
has  appeared  deals  chiefly  with  the  chemical  changes  in  collagen  and  elastin 
in  the  coimective  tissue  elements  of  the  derma  (1-9),  or  with  the  elastin  of  the 
arterial  walls  (10,  11).  A  review  of  these  studies  reveals  a  consideral)le  di\'er- 
gence  of  views  on  the  extent  to  which  any  significant  change  takes  place,  and 
the  chemical  nature  of  that  change. 

One  observation  on  the  effect  of  age  in  these  areas  appears  with  considerable 
frecjuenc}'  in  these  reports  and  refers  to  changes  in  the  elastic  fibers.  Chemical 
interpretations  vary  somewhat  but  the  general  impression  is  expressed  by  Ban- 
field.  "Elastic  fibers  of  the  skin  dtu'ing  the  process  of  aging  undergo  fragmenta- 
tion, clumping  and  acquire  an  afhnity  for  basic  stains."  If  true  this  fact  is  highly 
significant  to  a  number  of  problems  in  musculo-skeletal  dysfunction  in  the  aged. 
It  has  been  generally  noted,  but  I  know  of  no  specific  observational  evidence  in 
suppoi't  of  the  concept,  that  while  collagen  fibers  continue  to  reproduce  them- 
selves thruout  all  ages,  elastic  fibers  once  destroyed  do  not  reproduce.  But 
observations  which  apply  to  fibrous  elements  of  the  skin  or  blood  ve.s.sels  may  or 
may  not  be  valid  in  the  purer  and  more  compact  connective  tis.sues  of  the  [ov.o- 
motor  apparatus.  Since,  of  this  last,  no  significant  studies  on  the  effect  of  aging 
seem  to  have  appeared,  the  present  investigation  was  undertaken. 

Twenty-four  specimens  were  removed  from  the  fascia  lata  of  that  many 
human  subjects  at  the  operating  table.  These  patients  were  undergtjing  sui'gical 
intervention  f(jr  skeletal  lesions  not  involving  systemic  disease  or  disease  of  the 
local  soft  tissues.  Therefore  the  specimens  approximated,  if  they  were  not  identi- 
cal with,  normal  human  fascia  in  the  living  subject.  The  ages  from  which  speci- 
mens were  taken  ranged  from  13  to  89  years.  The  specimens  were  prepared  in 
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Fig.  1  (left).  l',i^'2  year  old  male.  Elastin  stain. 
Fig.  2  (right).  76  ,year  old  female.  Elastin  stain. 

paraffin,  cut  in  the  usual  fashion  and  stained.  In  most  instances  each  specimen 
was  stained  by  four  methods,  haematoxyhn-eosin,  van  Giesen  (for  coHagenj, 
a  Mallory  modification  of  the  Verhoef  elastin  stain,  and  Schiff's  stain  for  periodic 
acid  (12).  Three  or  four  sections  were  available  for  each  stain  of  each  section. 
Observations  on  these  twenty-four  specimens  can  be  noted  very  briefly. 

a.  Specimens  stained  with  haematoxylin-eosin  showed  no  significant  per- 
ceptible histologic  or  cytologic  variation  within  the  age  range  of  this  series. 

b.  Similar  specimens  stained  for  collagen  by  the  van  Giesen  method  disclosed 
no  significant  variation  in  structure  of  the  fibers  or  in  the  density  or  hue  of  the 
stain.  This  observation  was  not  unexpected  since  present  stains  used  to  demar- 
cate collagen  do  so  by  a  gross  chemical  reaction  of  the  apparently  amorphus 
substance  and  do  not  differentiate  the  structural  elements  of  the  fibers. 

c.  In  similar  sections  stained  for  periodic  acid  (Schiff),  no  significant  variation 
in  the  staining  reaction  could  be  related  to  the  age  of  the  patient.  Here  again 
the  Schiff  stain  grossly  demarcates  areas  of  mucopolysaccharides,  and  in  doing 
so  seemingly  overlaps  structural  boundaries  of  the  fibers.  The  hue  and  density  of 
the  stain  varied  thruout  the  series  without  regard  to  any  recognizable  tissue 
factor.  However,  much  more  is  to  be  known  of  periodic  acid  as  a  histochemical 
technic  before  histological  appearance  may  be  interpreted  adefiuately. 

d.  In  similar  sections  stained  for  elastin  by  a  Mallory  modification  of  the 
Verhoef  technic,  those  in  the  group  from  70  years  of  age  and  upward  were  note- 
worthy. In  the  younger  age  group  the  elastic  fibers  within  the  fibrous  areas  (as 
distinguished  from  the  perivascular)  appeared  for  the  most  part  as  rather  fine 
wav}'  lines.  When  broken  by  their  undulations  thru  the  flat  plane  of  the  section 
the  appearance  is  that  of  a  dotted  line  not  perceptibly  thicker  than  the  uncut 
fibers.  No  important  variation  in  this  pattern  in  shape,  size  or  density  of  stain 
was  noted  until  specimens  were  studied  from  patients  in  the  70's  and  80's.  In 
many  specimens  of  this  older  age  group  the  elastic  fibers  appear  coarser,  uneven 
in  thickness,  and  in  some  areas  (;urled,  (flumped  and  fragmented.  In  some  areas 
of  these  specimens,  however,  the  findings  still  resembled  these  of  younger  adults. 

Histologic  study  of  the  connective  tissues  of  the  locomotor  apparatus  shows 
them  to  be  remarkably  stable  in  response  to  aging.  Of  the  four  common  staining 
methods  only  that  which  demonstrated  th(>  elastic  fibers  is  noteworthy.  Deterio- 
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I'atidii  ill  the  st I'lict ui'c  of  tlic  clastic  lilxTs  appears  to  occiii'  in  a^cd  suhjccts, 
although  tliis  is  not  uiiifoi'ni.  Apparently  the  degree  of  elastic  liliei'  ilegeiieration 
is  as  variable  as  most  other  manifestations  of  senility.  llo\ve\'ei\  the  tendency  to 
coarsening,  fragmentation  and  clumping  is  easily  observable  in  any  group  of 
specimens  fi'om  aged  subjects.  No  sucli  variation  in  the  aging  comiective  tissues 
appears  in  the  cytologic  elements,  the  structure  or  staining  (|ualities  of  collagen 
fibers  or  the  so-calleil  Schiff  reaction  to  periodic  acid. 
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RETROGRADE  ESOPHAGEAL  PERISTALSIS? 

During  the  course  of  observations  of  the  swallowing  function  with  a  large 
image  intensifier,  a  seciuence  was  ol)servecl  which  suggests  that  rc'trogracle  peri- 
stalsis can  l)e  demonstrated  in  the  distal  half  of  the  thoracic  esophagus.  There 
is  considerable  controversy  in  the  literature  as  to  whether  true  retrograde  peri- 
stalsis occurs  in  the  esophagus  of  human  l)eings.  The  opportunity  of  performing 
cine-radiography  with  an  image  intensitier  large  enough  to  include  the  entire 
thoracic  esophagus  has  not  been  realized  mitil  recently.  Part  of  the  controversy 
is  related  to  the  definition  of  peristaltic  activity.  In  the  seciuence  illustrated  by 
tracings  from  the  film  (l''ig.  1),  the  emptying  of  the  barium  from  the  distal  half 
of  the  esophagus  proximally  appears  quite  comparable  to  a  peristaltic  wave. 
This  secjuence  w-as  from  a  rather  eldei'ly  female  taken  in  the  right  oblifjue  prone 


Fig.  1.  Tracings  from  serial  frames  of  a  cine  recording  made  during  the  course  of 
swallowing  shows  the  distal  portion  of  the  esophagus  to  contract  and  then  to  be  stripped 
from  below  upwards.  The  distal  end  of  the  barium  column  assures  a  blunt  appearance 
during  this  period.  The  proximal  half  of  the  thoracic  esophagus  remained  filled  and 
the  barium  rather  promptly  returned  to  the  distal  esophagus  followed  by  the  normal 
stripping  peristaltic  wave  which  emptied  the  esophagus  completely  in  the  usual  fash- 
ion. The  diffuse  incomplete  contraction  of  the  distal  esophagus  prior  to  retrograde 
stripping  does  not  resemble  a  peristaltic  wave.  However,  the  short  complete  retro- 
grade progression  of  this  contraction  more  proximally  resembles  the  progress  of  the 
normal  peristaltic  wave  seen  in  the  subsequent  frames  (lower  row).  Incidentally,  this 
type  of  progressive  retrograde  contraction  is  not  uncommon  and  probably  is  best  seen 
during  belching  or  production  of  laryngeal  speech. 

504 


UADIOLOCICAL  NOTKS 


position  wliilc  she  \v;is  drinking  the  coiiN-cnt ioiial  fluid  hai'iiiiii  walcr  inixliirc. 
She  complained  of  no  particular  symptoms  during  this  recordinfi;  and  there  was 
no  evidence  of  hiatus  hernia  or  other  abnormal  motor  pattern. 

CASh;  XO.  SS 

This  was  the  second  admission  of  a  41  year  old  white  female  who  nine  years 
previously  had  undergone  subtotal  gastre(;tomy  for  a  chronica  pe])tic  ulcer  of 
the  duodenum.  The  patient  had  complained  of  epigastric  pain  for  about  five 
years  prior  to  that  operation  and  had  undergone  two  prior  operations  for  per- 
forated ulcer.  Two  months  before  the  current  admission,  the  patient  noted  a 
tender  mass  to  the  right  of  the  umbilicus  and  at  about  the  same  time  noted 
postprandial  nausea  and  occasional  vomiting,  especially  after  eating  solid  food. 


Case  88,  Fig.  lA.  With  a  small  amount  of  barium,  a  mass  defect  (arrow)  involving 
the  lateral  portion  of  the  stoma  and  extending  into  the  efferent  jejunal  loop  is  evident. 
Opaque  clips  adjacent  to  the  medial  portion  of  the  anastomosis  were  applied  at  the 
time  of  subtotal  gastrectomy  nine  years  previously. 
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Case  88,  Fig.  IB.  With  more  barium,  limited  distensibility  and  irregular  contour  of 
the  stomach  is  seen.  Sharply  demarcated  nodular  projections  (arrow)  straddle  the 
stoma.  The  uninvolved  portion  of  the  anastomosis  is  sufficiently  wide  so  that  obstruc- 
tion is  not  present.  The  jejunal  involvement  may  be  submucosal  to  a  great  extent  since 
the  mucosal  folds  appear  to  be  intact. 

The  vomitus  was  not  coffee-ground.  The  patient  limited  herself  to  a  soft  diet 
which  furnished  some  relief  particularly  when  proprietary  antacid  preparations 
were  also  used.  She  finally  consulted  a  physician  who  fovmd,  on  barium  studies 
of  the  gastrointestinal  tract,  no  evidence  of  a  lesion.  However,  stools  were  per- 
sistently guaiac  positive.  Physical  examination  on  admission  was  not  con- 
tributory except  for  the  abdominal  scars  and  the  presence  of  a  stony  hard  mass 
to  the  right  of  the  vmibilicus,  and  a  second  somewhat  smaller  mass  to  the  left. 
Barium  meal  examination  (Figs.  lA.  &  IB)  showed  a  coarsely  serrated  pattern 
of  the  distal  part  of  the  residual  portion  of  the  stomach  immediately  proximal 
to  the  anastomosis.  At  the  anastomosis,  there  were  nf)dular  projections  which 
formed  a  mass  extending  into  the  efferent  loop  of  the  jejunum.  The  roentgen 
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findings  were  consistent  with  ;i  n('()|)l;isni  arisinfi;  in  the  i'('si(iu;il  slomnch  mikI 
extending  to  und  through  the  anastomosis. 

The  patient  underwent  exploratory  laparotomy  and  a  hard  mass  just  i)roxiinal 
to  the  gastrojejunal  stoma  was  noted.  There  were  numerous  omental  metastases. 
In  an  attempt  to  resect  the  tumor,  large  retroperitoneal  metastases  adherent  to 
the  stomach  were  found  which  made  the  lesion  inoperable.  Biopsy  of  an  omental 
metastasis  was  reported  as  showing  infiltrating  scirrhous  carcinoma. 

The  diagnosis  of  carcinoma  of  the  stomach  after  subtotal  resection  is  being 
made  with  increasing  frecjuency  as  these  patients  survive  for  many  years.  It 
is  unlikely  that  the  incidence  is  increased  after  subtotal  resection  but  the  diag- 
nostic problem  may  be  greater.  The  location  in  the  region  of  the  anastomosis 
extending  into  the  jejunum  is  of  interest. 

Final  Diagnosis:  C.\rcinoma  of  the  stomach  9  years  post  subtotal  gas- 
trectomy FOR  duodenal  ulcer. 

CASE  NO.  89 

This  was  the  second  admission  of  a  64  year  old  white  female  because  of  tarry 
.stools  of  four  days  duration  and  weakness.  Thirty  years  prior  to  admission  a  gas- 
troenterostomy had  been  performed  for  a  chronic  peptic  ulcer  because  of  per- 
sistent pain.  Pain,  however,  recurred  five  years  later  and  has  been  present  inter- 
mittently in  the  entire  interval.  Eight  years  pi'ior  to  the  current  admission,  she 
was  hospitalized  because  of  abdominal  pain  and  x-ray  examination  was  said  to 
have  revealed  a  marginal  ulcer.  Blood  pressure  at  that  time  was  238/118.  Be- 
cause of  the  hypertension,  surgical  intervention  was  not  perfoi'med.  She  was 
relatively  well  on  medical  therapy  until  two  years  prior  to  the  present  admission 
when  symptoms  recurred.  On  admission,  physical  examination  showed  a  well 
developed,  obese,  rather  pale  female.  Blood  pressure  was  180  90.  One  ()bser\-er 
felt  a  circumscribed,  firm,  tender  mass  in  the  epigastrium  just  to  the  left  of 
the  mid-line  which  moved  on  respiration.  Hemoglobin  was  10  grams  per  cent. 
Stool  wasguaiac  3-f  on  one  occasion  and  guaiac  negative  on  two  other  occasions. 
Rehfuss  test  meal  showed  no  free  acid  and  a  maximum  of  35  units  total  acid.^ 
After  histamine,  free  acid  increased  to  about  40  units  and  total  acid  to  about 
70  units. 

Barium  meal  examination  (Figs.  lA,  &  IB)  showed  the  status  post  gastro- 
enterostomy. The  stoma  was  located  high  on  the  posterior  aspect  of  the  greater 
curvature  of  the  stomach.  There  were  several  diverticula  in  the  adjacent  jejunal 
loops  (often  seen  with  a  long  standing  gastroenterostomy).  Immediately  oppo- 
site the  stoma,  on  the  lesser  curvature,  there  was  an  elongated  crater  about 
3  cm.  in  length.  The  wall  of  the  stomach  on  both  sides  of  the  ulceration  showed 
limited  distensibility.  This  was  most  prominent  distally  where  the  antrum  as- 
sumed a  sickle-shaped  configuration.  The  barium  left  the  stomach  ([uite  promptly 
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Case  89,  Fig.  2.  Late  film  from  barium  meal  done  elsewhere  14  months  previously 
shows  an  ulcer  crater  (arrow)  as  well  as  retention  of  barium  in  the  sickle-shaped  an- 
trum and  in  several  jejunal  diverticula. 

and  it  was  difficult  to  till  the  proximal  portion  of  the  stomach.  No  barium  ap- 
peared to  leave  through  the  pylorus.  The  folds  in  the  proximal  portion  of  the 
stomach  Avere  thickened  but  normally  tortuous. 

The  roentgen  findings  were  somewhat  difficult  to  interpret  because  of  the 
inability  to  satisfactorily  distend  the  stomach.  A  gastrointestinal  series  taken 


Case  89,  Fig.  lA.  Barium  meal  examination  shows  a  well-functioning  anastomosis  on 
the  greater  curvature  with  rapid  emptying  of  the  proximal  portion  of  the  stomach. 
The  antrum  (lower  arrow)  has  a  sickle  configuration.  On  the  lesser  curvature,  an  elon- 
gated ulcer  crater  (upper  arrow)  is  evident,  partly  overlapped  by  adjacent  small 
bowel. 

Case  89,  Fig.  IB.  In  the  lateral  projection,  the  stoma  (posterior  arrow)  on  the  pos- 
terior wall  is  more  clearly  seen.  It  is  evident  that  the  elongated  ulcer  (anterior  arrow) 
is  not  directly  related  to  the  anastomosis,  but  is  at  a  considerable  distance  from  the 
efferent  jejunal  loop  and  therefore  is  not  a  marginal  ulcer. 
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one  year  prcn  iously  was  reviewed  (Fig.  12)  and  showed  similar  findings.  In  view 
of  the  presence  of  a  gastric  ulcer  in  a  patient  with  a  gastroenterostomy,  the  sug- 
gestion was  made  that  this  should  be  of  malignant  character.  A  benign  gastric 
ulcer  with  a  functioning  gastroenterostomy  is  extremely  unusual. 

At  exploratory  laparotomy,  a  large  tumor  mass  was  found  occupying  almost 
the  entire  lesser  curvature  of  the  stomach.  There  were  grossly  involved  lymph 
nodes  in  the  perigastric  fat  as  well  as  involvement  of  retroperitoneal  nodes 
posteriorly.  Palliative  resection  was  undertaken  because  of  the  history  of  bleed- 
ing. The  specimen  revealed  a  large  punched-out  ulcerated  mass,  the  ulceration 
measuring  about  3  cm.  in  diameter  and  1  cm.  in  depth.  The  stomach  wall  was 
markedly  thickened.  Microscopic  finding  was  that  of  an  infiltrating  anaplastic 
carcinoma  with  involved  lymph  nodes. 

Final  Diagnosis:  Carcinoma  of  the  stomach  30  years  after  gastroen- 
terostomy. 

CASE  XO.  90 

This  was  the  first  admission  of  a  42  year  old  white  female.  Three  years  prior  to 
admission  she  had  been  admitted  elsewhere  with  a  story  of  ulcer-type  pain  of  five 
years  dunition,  and  tany  stools  of  two  or  three  days  duration.  Barium  meal 
examination  was  said  to  have  shown  a  shallow  gastric  ulcer  high  on  the  lesser 
cur\-ature  of  the  stomach.  Laparotomy  was  performed  and  a  large  indurated 
chronic  ulcer  found  high  on  the  lesser  curvature  of  the  stomach  immediately 
adjacent  to  the  entrance  of  the  esophagus  into  the  stomach.  The  remainder  of 
the  stomach  was  not  remarkable.  The  small  and  large  intestines,  li\-er,  spleen, 
and  pancreas  were  negative.  The  uterus  and  adnexa  were  normal.  A  subtotal 
gastrectomy  was  performed.  Six  months  prior  to  admission  to  this  hospital,  she 
began  to  complain  of  periodic  A'omiting  up  to  25  times  daily  brought  on  by  eat- 
ing. By  taking  small  amounts  of  food,  particularly  in  the  recumbent  position, 
she  was  able  to  eat.  Two  months  prior  to  admission,  she  was  admitted  to  another 
hospital  where  two  bariiuii  meal  examinations  were  said  to  hnve  hecn  negative. 

Examination  on  admission  showed  a  fairly  well  developed  and  nourished 
female  who  did  not  appear  to  be  ill.  Physical  examination  was  non-contributory. 
Hemoglobin  was  12  grams  per  cent,  white  blood  count  8,000  per  cu.  mm.  with  a 
normal  differential  count.  Rehfuss  test  meal  showed  no  free  acid  and  a  maximum 
total  acidity  of  37  units.  Barium  meal  examination  (Figs.  lA,  &  IB)  showed  the 
status  post  subtotal  gastrectomy  with  the  anastomosis  apparently  on  the  lesser 
curvature  aspect  of  the  stomach.  Almost  one-half  of  the  stomach  was  still  pres- 
ent. With  the  first  swallow  of  the  barium,  the  mucosal  folds  in  the  distal  portion 
of  the  stomach  appeared  to  be  thickened.  As  the  patient  drank  additional  bar- 
ium, the  stomach  distended  normally  except  on  its  lesser  curvature  aspect  which 
remained  coarsely  irregular.  Moreover,  barium  left  the  stomach  slowly  through 
a  rather  markedly  narrowed  efferent  loop,  over  a  distance  of  about  two  inches. 
The  visualized  portion  of  the  afferent  loop  for  al)out  the  same  distance  also  ap- 
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Case  90,  Fig.  lA.  Erect  film  from  barium  meal  examination  shows  a  coarsely  irregu- 
lar lesser  curvature  extending  from  the  cardia  to  the  anastomosis.  The  anastomosis  is 
wide  but  circumferentially  compressed  as  indicated  by  its  haziness.  The  aflFerent  and 
eflFerent  jejunal  loops  are  separated  and  markedly  narrowed.  The  mucosal  pattern  of 
these  segments  is  intact  suggesting  extrinsic  involvement. 

peared  to  tje  similarly  narrowed.  The  fine  mucosal  folds  in  the  narrowed  por- 
tions of  jejunum,  however,  appeared  to  be  intact.  The  entire  region  of  the  lesser 
curvature  of  the  stomach,  the  anastomosis  and  the  adjacent  portions  of  the 
afferent  and  efferent  loops  of  jejunum  appeared  to  be  rigid  and  fixed  in  posi- 
tion. The  impression  was  gained  of  a  neoplastic  mass  in\-olving  these  areas. 
Gastroscopy  was  pcrfoi-med  with  difficulty.  It  was  not  possible  to  pass  the  tube 
beyond  the  pnjximal  portion  of  the  stomach  so  that  the  region  of  the  stoma  was 
not  visualized.  Th(>  mucosa  of  the  stomach  was  smooth,  edematous  and  some- 
what hyperemic.  On  the  posterior  wall  below  the  cardia,  there  was  a  smooth 
mass  covered  with  normal  appearing  mucous  membrane.  The  impression  of  the 
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Case  90,  Fig.  IB.  Film  taken  with  patient  supine  shows  identical  findings  demon- 
strated in  "double  contrast"  fashion.  The  exact  duplication,  with  barium  and  with  air, 
with  the  patient  erect  and  supine,  proves  rigidity  and  fixation. 

gastroscopist  was  that  of  extrinsic  pressure  on  the  posterior  wall  of  the  stomach 
without  evidence  of  intrinsic  disease. 

On  exploratory  laparotomy,  the  stomach  was  exposed  with  considerable  diffi- 
culty because  of  the  large  number  of  adhesions.  Palpation  behind  the  stomach 
revealed  a  large  retrogastric  mass  which  was  rubbery  in  consistency  and  which 
extended  down  to  the  ligament  of  Treitz.  There  appeared  to  be  so  much  inflam- 
matory reaction  that  dissection  of  the  afferent  loop  was  not  possible.  A  piece  of 
dense,  rubbery  firm  tissue  was  removed  and  sent  for  frozen  section  and  reported 
as  scar  tissue.  There  was  no  evidence  of  metastatic  di.sease  of  the  liver.  It  was 
felt  at  the  operating  table  that  the  mass  was  inflammatory  in  nature,  most  likely 
the  result  of  a  leak  following  the  gastrectomy  performed  three  years  previously. 
However,  the  paraffin  section  of  the  piece  of  tissue  removed  was  reported  as  show- 
ing "fibro-fatty  tissue  diffusely  infiltrated  by  mucous  cell  carcinoma." 
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'I'hc  orifiin  of  the  cjiiTiiioiuat oiis  innss  in\()l\  iii<2;  the  lessci-  curvature  aspect  of 
the  stomach  and  extending  retroperitoncally  is  not  entirely  clear.  It  would  ap- 
pear likely  that  the  ulceration  operattnl  on  three  years  pi-eviously,  which  ai)par- 
ently  was  not  resected,  may  have  been  a  jii'imary  carcinoma  of  the  stomach.  If 
this  is  so,  it  is  rather  remarkable  that  an  ulceration  or  a  larfj;e  defect  was  not 
demonstrable  within  the  stomach  at  the  pre.sent  time.  Nevertheless,  the  appear- 
ance is  consistent  with  a  scirrhous  carcinoma  of  the  stomach  with  metastatic 
retroperitoneal  disease. 

Final  Diagnosis:  Carcinoma  of  the  stomach  three  years  after  subtotal 

RESECTION  WITH  EXTRINSIC  INVOLVEMENT  OF  THE  ANASTOMOTIC  LOOPS. 

'  CASE  NO.  91 

This  was  the  second  admission  of  a  56  year  old  white  female  with  the  chief 
complaints  of  abdominal  pain  and  vomiting  of  two  months  diu'ation.  On  her 
first  admission  to  the  hospital  seven  years  pre\'iously,  she  ga\'e  a  history  of  an 
episode  of  hematemesis  Ki  months  before.  Roentgen  examination  at  the  time  of 
the  hematemesis  revealed  a  gastric  ulcer.  She  was  treated  medically  with  repeat 
x-ray  examination  of  the  stomach  every  six  weeks.  She  improved,  had  no  com- 
plaints and  the  ulceration  was  said  to  ha^-e  diminished  in  size.  However,  three 
weeks  prior  to  her  first  admission,  she  began  to  complain  again  of  epigastric 
pain  and  tarry  stools  and  i-epeat  gastrointestinal  series  demonstrated  that  the 
ulcer  had  increased  in  size.  Hemoglobin  on  admission  at  that  time  was  7  grams 
per  cent  and  stool  was  guaiac  positive.  The  patient  was  explored  and  a  remark- 
ably extensive  ulceration  of  the  lesser  curvature  aspect  of  the  stomach  in  its 
superior  third  was  found  which  was  densely  adherent  to  the  underlying  pan- 
creas. A  subtotal  gastrectomy  was  performed.  On  the  posterior  wall  of  the  re- 
moved portion  of  stomach  extending  on  to  the  lesser  curvature,  there  was  a  firm 
indurated  mass  in  the  center  of  which  an  ulceration  4  cm.  in  diameter  was  pres- 
ent. Alicroscopic  examination  demonstrated  this  to  be  an  adenocarcinoma 
possibly  arising  in  a  chronic  peptic  ulcer  of  the  stomach.  No  involved  lymph 
nodes  were  found. 

The  patient  did  remarkably  well  and  was  asymptomatic  for  more  than  seven 
years.  Epigastric  pain  then  recurred  particularly  after  eating  and  radiated 
through  to  the  l)ack.  Two  months  prior  to  her  current  admission,  she  began  to 
vomit.  The  vomitus  contained  bright  red  l)lood  and  was  coffee-ground  in  appear- 
ance. In  a  period  of  six  weeks,  she  lost  about  30  pounds.  Examination  on  admis- 
sion showed  a  moderately  obese  white  female  in  no  acute  di.stress.  To  the  right 
and  somewhat  above  the  umbilicus,  a  mass  was  palpable.  Hemoglobin  was  9 
grams  per  cent.  Barium  meal  examination  (Fig.  1)  showed  evidence  of  an  ex- 
tensive recurrence  invoh'ing  the  lesser  cur\-ature  aspect  of  the  stomach  but 
extending  to  the  anastomosis  and  through  it  into  the  adjacent  limbs  of  the  af- 
ferent and  efferent  loops  of  the  jejunum. 

Pinal  Diagnosis:  Recurrent  carcinoma  of  the  stomach  7  years  after 

GASTRIC  resection. 
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Case  91,  Fig.  1.  Barium  meal  examination  shows  marked  fixed  irreguilarty  of  the 
entire  lesser  curvature  of  the  remaining  portion  of  the  stomach.  The  anastomosis  and 
adjacent  portions  of  the  jejunal  loops  are  diffusely  ulcerated,  fixed,  and  involved  by 
neoplasm.  Obstruction  at  the  stoma  is  incomplete. 

CASE  NO.  92 

This  \v;is  the  first  atlmission  of  u  62  year  old  white  male  with  the  chief  com- 
plaint of  tarry  stools  of  fi\'e  or  six  days  duration.  Three  years  before  admis.sion 
at  another  hospital,  an  esophagogastrectomy  had  been  done  for  an  adenocar- 
cinom;i  of  the  stomach.  It  was  said  that  no  liver  metastases  or  involved  lymph 
nodes  were  found  at  that  time.  The  patient  did  very  well  post-operatively  and 
complained  only  occasionally  of  mild  left  upper  ciuadrant  and  lower  left  chest 
pain  ascribed  to  rib  resections.  Despite  some  anorexia,  he  was  able  to  gain 


HADIOLOCICAI.  XOTKS 


weight.  He  could  tolerate  only  small  aiuounls  ot  food  at  one  lime  since  lai'ger 
(luantities  would  ])roduce  a  substernal  sticking  sensation. 

I^hysical  examination  showed  a  well  developed  and  well  nourished  male  in  no 
distress.  No  masses  wer(>  ])ali)ahle  in  the  ahdomeii  and  the  edge  of  the  liver 
could  he  felt  only  on  deep  inspiration.  IIemoglol)in  was  I  I  grams  per  cent,  white 
blood  count  7,()()0  per  cu.  nun.  Stools  were  ))ersistently  guaiac  positive.  Gastric 
analysis  showed  78  units  of  free  acid  1.")  minutes  after  histamine  and  a  total  acid- 
ity of  90  units.  Gastric  specimens  sh<)w<'(l  a  trace  of  guaiac.  On  a  clinical  basis,  it 
was  felt  that  recurrent  tumorwas  unlikely  but  that  the  patient  might  be  bleeding 
from  a  regurgitant  esophagitis.  Esophagoscopy,  however,  showed  no  abnormality 
in  the  esophagus  or  at  the  anastomosis  which  appeared  smooth  and  widely 
patent.  On  entering  the  stomach,  a  large  ciuantity,  approximately  150  cc,  of 
acid,  clear  fluid  poured  out.  The  gastric  rugae  appeared  in  places  somewhat 
enlarged  but  no  mass  lesion  or  ulceration  was  evident.  Biopsy  of  gastric  mucosa 
showed  no  signittcant  change. 

Barium  meal  examination  (l*'ig.  1)  showed  no  abnormality  in  the  region  of  the 
esophagogastric  anastomosis  which  was  located  about  1  and  one-half  inches 
distal  to  the  level  of  the  arch  of  the  aorta.  The  intrathoracic  portion  of  the 
stomach  showed  retained  secretions  and  a  coarse  mucosa  but  appeared  to  be 
distensible.  At  the  level  of  the  hiatus  there  was  a  rather  marked  narrowing,  and 
at  this  site  an  ulcer  crater  about  1.5  cm.  in  diameter  was  demonstrated.  This 
ulcer  crater  appeared  to  be  sharply  demarcated  and  the  adjacent  wall  of  the 
stomach  somewhat  flattened  in  a  smooth  fashion.  Bariimi  entered  the  infi-a- 
diaphragmatic  portion  of  the  stomach  and  then  the  duodenum  without  difh- 
culty.  The  roentgen  findings  were  interpreted  as  evidence  of  a  benign  ulcer 
crater  at  the  level  of  the  hiatus  in  the  diaphragm.  Ulceration  in  this  area  has 
frequently  been  described  in  association  with  paraesophageal  or  combined  types 
of  hiatus  hernias  and  has  been  related  to  the  pressure  on  the  stomach  of  the 
diaphragmatic  ring.  It  was  felt  therefore  that  a  similar  mechanism  might  be 
operative  in  the  present  case. 

The  patient  was  explored  via  a  thoraco-abdominal  incision  and  it  was  promptly 
evident  that  there  was  a  huge  recurrent  carcinoma  involving  practically  the 
entire  intrathoracic  portion  of  the  stomach  as  well  as  the  part  in  the  hiatus 
extending  distally.  There  were  pleural  and  peritoneal  as  well  as  hepatic  metas- 
tases. Biopsy  showed  undifferentiated  carcinoma  with  signet -ring  cells. 

The  roentgen  findings  in  this  case  demonstrate  the  coiisideiable  difficulty  in 
recognizing  even  an  exten.sive  carcinoma  of  the  stomach  which  ])i  imarily  involves 
the  wall  and  spreads  intramurally  without  forming  any  remarkable  ulceration 
or  filling  defect.  Under  normal  circumstances  after  an  escjphagogastrectomy, 
the  intrathoracic  portion  of  the  stomach  remains  distended  and  dilated  with 
air  and  fluid.  The  lack  of  contractility  in  this  pntient,  of  this  area,  did  not  appear 
to  be  remarkable.  The  ulceration  demonstrated  on  the  roentgen  examination 
was  an  incident  in  the  progressive  course  of  this  man's  disease.  It  is  likely  that  it 
is  peptic  in  character,  that  is,  related  to  the  presence  of  a  I'athei'  high  gastric 
acidity  although  the  basis  for  the  ulceration  is  the  underlying  infiltrating  carci- 
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Case  92,  Fig.  1.  Barium  meal  shows  no  delay  to  the  passage  of  barium  into  the 
thoracic  portion  of  the  stomach  which  is  distended  with  air  and  secretions.  Barium 
passed  freely  through  the  hiatus  but  the  stomach  is  narrowed  at  this  level  and  a  dis- 
crete smooth  ulcer  crater  is  evident  (arrow).  This  has  the  appearance  of  a  benign  ulcer. 
The  remainder  of  the  stomach  does  not  appear  remarkable. 

noma.  It  is  of  special  interest  that  the  ulceration  occurred  at  the  site  of  pressure 
due  to  the  diaphragmatic  ring  as  in  patients  without  tumoi'  with  similar  gastric 
herniation. 

Final  Diagnosis:  Recurrent  spreading  carcinoma  after  esophago-gas- 

TRECTOMY  SIMULATING  "pRESSURE"  PEPTIC  ULCER. 

CASE  xo.  [y.\ 

This  was  the  second  admission  of  a  68  year  old  white  female.  Three  years 
previously  the  patient  was  operated  on  for  a  scjuamous  cell  carcinoma  of  the 
middle  third  of  the  esophagus.  No  nodes  were  found  at  that  time  and  a  supra- 
aortic  esophagogastric  resection  and  esophagogastrostomy  were  performed.  The 
liver  was  seen  at  that  tim(>  and  showed  no  evidence  of  metastases.  She  was  well 
until  three  months  prior  to  the  current  admission  when  she  developed  hoarse- 
ness. Laryngoscopy  revealed  an  abductor  paralj-sis  of  the  right  vocal  cord.  Radio- 
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Case  93,  Fig.  lA.  Barium  meal  examination  shows  the  dilated  supradiaphragmatic 
portion  of  the  stomach  which  contains  considerable  secretions  or  retained  food.  Barium, 
however,  promptly  entered  the  infradiaphragmatic  part  of  the  stomach  through  the 
hiatus  of  the  diaphragm.  On  the  posterior  wall  of  the  stomach  (arrow)  there  is  a 
hemispherical  filling  defect  narrowing  the  AP  diameter  of  the  lumen  of  the  stomach. 
Within  the  defect  there  is  a  huge  irregular  ulceration.  The  distal  part  of  the  stomach 
does  not  appear  to  be  involved  and  barium  left  the  stomach  promptly. 

therapy  was  administered  to  the  mediastinum,  the  patient's  voice  improved  and 
the  right  cord  appeared  to  regain  some  movement.  Two  to  three  weeks  prior 
to  admission  she  began  to  comphiin  of  increasing  palloi"  and  dyspnea  on  exer- 
tion, weakness,  malaise  and  anorexia  and  noted  that  her  stools  were  black. 

On  admission,  physical  examination  showed  a  thin,  pale,  chronically  ill,  white 
female  ii>  no  acute  distress.  The  liver  was  felt  three  fingerbreadths  below  the 
right  costal  margin.  Its  edge  was  smooth  and  non-tender.  Multiple  stool  guaiacs 
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Case  93,  Fig.  IB.  In  the  postero-anterior  projection,  the  irregular  ulcer  crater  is 
seen  en-face.  The  relative  lucency  of  the  barium  surrounding  the  ulcer  crater  in  the 
proximal  portion  of  the  stomach  is  indicative  of  the  filling  defect  involving  the  posterior 
wall. 

were  po^iitixe.  Hemoglobin  was  3  grams  per  cent,  white  blood  count  ;]200  per 
cu.  mm.  with  a  normal  differential  count.  A  g  istric  specimen  was  coffee-brown 
and  showed  4+  guaiac.  Free  acid  was  present  after  histamine  stimulation. 

Barium  meal  examination  (Figs.  lA,  &  IB)  showed  the  anastomosis  to  be 
located  at  the  thoracic  inlet.  The  deformity  in  this  area  appeared  to  be  operative 
and  there  was  no  delay  to  the  passage  of  the  barium  into  the  thoracic  portion 
of  the  stomach.  This  portion  of  the  stomach  was  filled  with  a  considerable  amount 
of  air  and  secretions  or  retained  food  although  the  barium  passed  promptly 
thrf)Ugh  the  region  of  the  hiatus  into  the  infradiiiphragmatic  portion  of  the 
stomach.  Immediately  below  the  hiatus,  however,  on  the  posterior  wall  of  the 
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stoinncli  thci-c  was  cx-idciicc  of  a  larf^c  (illiiiji;  defect  which  was  UTc^ularly  ulcer- 
ated. Tlie  distal  jjortion  of  the  stomach  did  not  appear  to  t)e  remarkable  and 
barium  left  the  stomach  promptly  to  outline  the  duodenum. 

The  appearanc(>  of  the  lesion  in  the  stomach  on  I'oentf^en  examination  was 
that  of  an  ulceratetl  mass.  Despite  the  I'ealization  that  the  involvement  of  the 
stomach  might  be  secondary  to  ivt  roperitoneal  lymph  nodes  from  the  original 
carcinoma  of  the  esophagus,  the  pos.sibility  of  a  second  ])riinary  carcinoma  of 
the  .stomach  or  even  a  Ixniign  calloused  ulcer  could  not  be  excluded.  Extensive 
involvement  of  the  stomach  of  this  type  as  a  result  of  metastases  to  the  retro- 
peritoneal l^-mph  nodes  from  a  squamous  cell  carcinoma  of  the  esophagus  is  not 
common.  The  patient  was  therefore  explored  and  it  was  demonsti'ated  that  the 
gastric  ma.ss  represented  extension  from  adjacent  invohed  nodes.  One  of  the.se 
nodes  was  removed  and  on  microscopic  section  showed  metastatic  squamous 
cell  carcinoma. 

Final  Diagnosis:  Metastatic  squamous  cell  carcinoma  to  the  stomach 

FROM  a  primary  ESOPHACJEAL  LESION. 


Case  94,  Fig.  1.  Double  contrast  portion  of  the  barium  enema  examination  demon- 
strates extrinsic  pressure  over  two  short  segments  of  the  proximal  loop  of  sigmoid 
(arrows).  There  is  a  diffuse  homogeneous  soft  tissue  density  extending  for  some  distance 
above  this  area. 
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CAS1-:  NO.  94 

This  was  the  first  admission  of  a  54  year  old  white  female  with  the  chief  com- 
plaint of  \v(>akness  for  nine  months.  At  the  onset  of  this  complaint,  an  anemia 
was  disccnercd  which  was  treated  with  iron,  vitamin  B12  and  parenteral  liver 
without  beneht.  In  the  six  months  prior  to  admission,  she  had  lost  25  pounds 
and  complained  of  anorexia  and  mild  nausea.  Chills  and  temperature  as 
high  as  102°K.  occurred  intermittently  for  about  a  day  every  week  or  two. 
Recently  she  complained  also  of  mild  constipation  and  lower  abdominal  dis- 
comfort and  pressure. 

Physical  examination  showed  a  i^ale,  chronically  ill  female.  In  the  lower  ali- 
domen  and  extending  into  the  pelvis  was  a  palpable  mass  about  10  cm.  in  diame- 
ter which  was  slightly  irregular  and  non-tender  and  did  not  appear  to  be  con- 
nected to  the  uterus  or  ovaries.  Hemoglobin  was  6  grams  per  cent,  white  blood 
count  1(),000  per  cii.  mm.  with  a  normal  differential  count.  Red  blood  count 
was  2,800,000  per  cu.  mm.  Sedimentation  rate  was  markedly  accelerated.  Stools 
were  guaiac  positive  on  three  occasions. 

Barium  enema  examination  (Fig.  1)  showed  no  evidence  of  an  intrinsic  organic 
lesion  of  the  colon  but  there  appeared  to  be  extrinsic  pressure  on  the  superior 
aspect  of  the  proximal  sigmoid.  Barium  meal  examination  with  serial  observa- 


Case  94,  Fig.  2A.  Small  bowel  examination  shows  a  huge,  irregular,  scalloped 
collection  of  barium  (arrows)  in  the  center  of  a  homogeneous  soft  tissue  density  at  the 
level  of  the  brim  of  the  pelvis. 
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Case  94,  Fig.  2B.  Later  in  the  examination,  adjacent  "afFerent"  and  "efferent"  loops 
of  small  bowel,  A  and  B,  are  evident  with  extrinsic  pressure  on  the  medial  of  these 
loops.  The  huge  collection  of  barium  (C)  remains.  To  the  right  of  this  collection,  a  large 
lobulated  filling  defect  is  present  (arrow).  In  retrospect,  this  filling  defect  protrudes 
into  the  lumen  of  a  widened  segment  of  ileum  intervening  between  loops  A  and  B  and 
the  barium  extends  through  a  perforation  into  a  huge  excavation  (C)  within  the  in- 
tramesenteric  mass. 

tioiis  of  the  small  bowel  (Figs.  2A,  &  2B)  demonstrated  a  huge  markedly  irregular 
collection  of  barium  in  the  midst  of  a  soft  tissue  mass  at  the  level  of  the  brim 
of  the  pelvis.  The  outlines  of  this  collection  of  barium  were  markedly  nodular 
and  in  one  area  these  nodules  appeared  to  be  confluent.  There  was  no  obstruc- 
tion to  the  flow  of  barium  through  the  small  bowel  or  into  the  colon  and  no  evi- 
dence of  dilatation  in  the  small  bowel.  The  lesion  was  located  in  the  proximal 
or  mid-ileum.  An  adjacent  loop  of  small  bowel  appeared  to  be  compressed. 

It  was  obvious  from  the  roentgen  examination  that  a  huge  excavated  neoplasm 
involving  the  ileum  was  present.  Since  there  was  no  evidence  of  narrowing,  the 
suggestion  of  a  sarcoma,  presumably  a  lymphosarcoma,  was  made. 

After  multiple  transfusions,  the  patient  was  explored  and  a  large  soft  cystic 
mass  occupying  the  lower  abdomen  and  pelvis  was  exposed.  It  was  densely 
adherent  to  the  anterior  peritoneum  and  also  to  the  peritoneum  over  the  bladder. 
The  mass  was  dissected  free  of  the  bladder  and  also  from  two  areas  of  the  sig- 
moid where  it  was  adherent  to  the  appendices  epiploica.  Three  loops  of  small 
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Fig.  3.  Small  bowel  series  done  about  one  year  after  the  operative  procedure 
shows  no  evidence  of  local  recurrence. 

bowel  appeared  to  enter  and  leave  the  tumor  and  accordingly  three  small  bowel 
resections  and  end-to-end  anastomoses  were  performed.  The  specimen  consisted 
of  three  segments  of  small  intestine  adherent  to  a  large  intramesenteric  cystic 
mass  that  measured  16  x  18  x  8  cm.  The  mass  was  covered  by  serosa  over  its 
entire  surface  except  for  one  small  area  which  presumably  represented  the  root 
of  the  mesentery.  Two  of  the  segments  of  small  bowel  after  careful  dissection 
were  demonstrated  to  be  adherent  to  this  mass  but  to  have  uninvolved  mucosa. 
On  opening  the  third  segment,  however,  a  bulky  tumor  mass  measuring  5  cm. 
in  diameter  was  found  protruding  into  the  lumen  and  widening  the  lumen.  The 
edges  of  this  mass  were  firm,  raised,  and  covered  by  mucosa.  The  central  portion 
was  deeply  ulcerated,  the  ulceration  measuring  about  3  cm.  in  diameter.  In  the 
center  of  the  ulceration,  there  was  a  perforation  about  1^  2  cm.  in  diameter  which 
communicated  with  the  large  intramesenteric  cyst  which  contained  about  200 
cc.  of  dark  red  blood  and  fragments  of  necrotic  tumor.  The  Avail  of  the  cyst  was 
composed  of  soft  fleshy  tumor  tissue  up  to  3  cm.  thick,  with  inmierous  areas  of 
hemorrhage  and  necrosis.  Microscopic  examination  demonstrated  the  mass  to 
be  a  myosarcoma  which  apparently  had  arisen  in  the  mesentery  and  perforated 
into  the  small  bowel.  Xo  lymph  nodes  were  identified  although  a  mass  2x2 
cms.  in  diameter  adjacent  to  the  main  mass  was  also  remo\'ed  and  also  showed 
myosarcoma. 

The  patient  did  very  well  post-operatively  for  about  one  year.  Repeat 


li  A  l)10L0(iICAL  NOTES 


52.3 


Hinall  bowel  oljsorvatious  at  this  time  (Fig.  '■>)  showed  no  evidence  of  recurrent 
tumor.  However,  shortly  after  this,  she  developed  alidominal  pain,  jaundice  and 
vomiting  as  well  as  progressive  hepatic  enlargement  and  was  considered  to  have 
extensive  metastatic  disease. 


Final  Diagnosis:  Exoenteric  myosarcoma. 
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FURAZOLIDONE  (l  UROXONE)  IN  THE  TREATMENT  OI' 
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S.  STANLEY  SCHMOIl'^lSON, 
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MORTON  S.  BUYER,  M.D. 

Neu'  York,  N.  Y . 

Salnionellosirs,  a  tli;scase  of  protean  manifestations,  is  still  ("apable  of  pro- 
ducing significant  mortality  in  spite  of  chloramphenicol  (Chloromycetin®)  and 
other  antibiotics,  especially  when  caused  by  certain  types,  e.g.,  S.  choleraesuis. 
Thus,  Saphra  and  Wassermann  (1)  reported  a  mortality  rate  of  21  per  cent  in 
329  infections  caused  by  this  microorganism  between  1940  and  1954,  and  more 
recently,  Eisenberg,  et  al.  (2)  noted  an  over-all  mortality  of  20  per  cent,  in  spite 
of  treatment,  in  75  cases  produced  by  a  variety  of  Salmonella  strains.  However, 
the  latter  rate  was  reduced  to  5.3  per  cent  when  corrected  to  those  instances 
where  death  could  unquestionably  be  attributed  exclusively  to  sahiionellosis. 
In  the  opinion  of  these  authors,  chloramphenicol,  either  alone  or  with  other 
agents,  exerted  httle  if  any  influence  upon  the  fatality  rate  in  their  series. 

Chloramphenicol,  currently  the  drug  of  choice  for  the  treatment  of  salmonel- 
losis, has  a  number  of  limitations.  It  is  capable  of  producing  serious  and  fatal 
blood  dyscrasias,  including  granulocytopenia  (3),  so  that  its  administration  in 
a  disease  characterized  by  a  leukopenic  tendency  is  not  without  I'isk.  Its  clinical 
efficacy  has  been  subject  to  question  not  only  by  the  above  authors,  but  also 
by  Le  Riche  and  Peacock  (4)  who  compared  the  results  obtained  in  a  large  series 
of  untreated  typhoid  fever  cases  with  those  receiving  the  antibiotic.  They  found 
that  although  mortality  was  lower  in  the  treated  group,  the  reduction  in  deaths 
(lid  not  appear  to  be  statistically  significant.  In  addition,  although  average 
duration  of  hospital  stay  was  shortened  slightly  and  complications  were  fewer 
in  the  treated  group,  untreated  controls  had  fewer  relapses  than  individuals  to 
whom  chloramphenicol  had  been  administered.  Despite  chloramphenicol,  the 
relapse  rate  in  this  disease  remains  high  and  the  chronic  carrier  state,  a  not  in- 
frequent sequel  (1,  2),  is  extremely  difficult  to  eradicate  with  it.  Finally,  the 
action  of  chloramphenicol  is  primarily  bacteriostatic  rather  than  bactericidal. 

Furazolidone  (Furoxone®)  a  recently  developed  antimicrobial  nitrofuran  (5) 
with  a  wide  spectrum  of  antibacterial  activity  including  Salmonella  and  Shigella, 
has  been  previously  reported  (6,  7)  as  being  of  value  in  the  treatment  of  infec- 
tions caused  by  these  organisms.  In  the  light  of  the  shortcomings  of  chloram- 
phenicol, as  noted  above,  it  was  believed  of  value  to  investigate  the  activity  of 
this  compound  in  vitro  against  all  Salmonella  strains  isolated  during  the  past 

From  the  Departments  of  Mierobiolosy  and  Medicine,  The  Mount  Sinai  Hospital,  New 
^  ork,  N.  Y. 
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year  and  to  subject  it  to  clinical  trial  upon  patients  ti-oin  whom  these  strains  had 
been  recovered. 

The  tube  dilution  method  was  employed  for  the  sensitivity  studies,  both 
bacteriostatic  and  bactericidal  concentrations  being  determined.  Tests  were 
performed  in  2  ml.  amounts  by  adding  1  ml.  of  a  six  hour  culture  at  37°  C,  di- 
luted 10^^  to  a  series  of  tubes  containing  1  ml.  of  varying  concentrations  of 
furazolidone  standard  as  well  as  to  a  growth  control  tube  containing  no  anti- 
microbial agent,  after  which  all  tubes  were  incubated  at  37°  C.  Minimal  in- 
hibitory or  bacteriostatic  concentration  for  each  strain  was  the  least  amount  of 
drug  capable  of  inhibiting  growth,  as  determined  visually,  after  48  hours.  Min- 
imal bactericidal  concentration  or  the  amount  needed  to  completely  kill  each 
strain  was  determined  by  pipetting  under  sterile  conditions  approximately 
0.05  ml.  from  each  of  the  clear  tubes  of  the  above  assays  into  individual  tubes 
containing  5.0  ml.  of  nutrient  medium  to  neutralize  the  growth  inhibitory  effect 
of  the  drug  by  dilution,  thereby  permitting  any  viable  bacteria,  if  present,  to  then 
grow  out.  These  subcultures  were  grown  an  additional  48  hours  at  37°  C  and  the 
bactericidal  concentration  of  furazolidone  for  each  strain  under  test  was  as- 
certained by  noting  the  tube  containing  the  least  amount  of  antibiotic  where 
no  growth  on  subculture  ensued. 

RESULTS  OF  SENSITIVITY  TESTS 

Minimal  bacteriostatic  and  bactericidal  concentrations  of  furazolidone  for 
each  of  the  Salmonella  strains  included  in  this  series  are  noted  in  Table  I.  As 
may  be  readily  observed  from  the  table,  growth  of  all  strains  was  inhibited  by 
concentrations  ranging  from  0.6  to  3.0  mcg/ml.,  whereas  bactericidal  concentra- 
tions ranged  from  1  to  6  mcg/ml.,  thereby  indicating  that  all  were  sensitive  n 
vitro  to  the  action  of  the  drug  under  consideration.  Moreover,  its  action  is 
primarily  bactericidal  since  amounts  needed  to  kill  each  test  inoculum  were  not 
much  greater  than  that  needed  to  inhibit  their  growth. 

TABLE  I 


Sensitivity  of  Salmonella  Strains  to  Furazolidone  (Furoxone)  in  Vitro 


Salmonella  Serotypes 

Total 
Strains 
Isolated 

Minimal  Bacterio- 
static Concentration 
(mcg/ml) 

Minimal  Bacteri- 
cidal Concentra- 
tion (mcg/ml) 

S.  Choleraesuis  

3 

2;  2;  3 

2;  2;  4 

S.  Heidelberg  

1 

0.8 

2 

S.  newport  

1 

1 

1 

S.  norwich  

1 

2 

4 

S.  oranienburg  

1 

1 

2 

S.  paratyphi  A  

1 

2 

3 

S.  paratyphi  B  

2 

2;  3 

3;  6 

S.  taksony  

3 

0.6;  3;  1 

2;  6;  2 

S.  tennessee  

1 

1 

1 

S.  typhosum  

3 

3;  3;  0.8 

3;  4;  3 
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'riiii'tccii  of  the  patients  t'roiu  wIkiih  th(>  ahoxc  strains  had  been  isolated  were 
sul)j(H't(Hl  to  chnical  trial  with  t'uruzolidonc  and  a  slioi-t  case  history  of  each 
pati(>nt  follows.  Unless  otherwise  specified,  all  were  treated  with  100  nig.  orally 
our  times  daily  for  10  days. 

Case  Histories 

Patients  HI  and  ^3  (21  year  old  white  male,  and  18  year  old  white  female,  student 
nurses).  S.  tennessee  and  S.  taksony,  respectively,  were  isolated  in  routine  stool  cultures. 
Both  patients  were  asymptomatic.  A  course  of  furazolidone  was  administered  to  each 
after  which  all  follow-up  cultures  were  consistently  negative  for  salmonella. 

Patients  #S  and  j^4-  (21  year  old  colored  female,  and  19  year  old  white  female,  student 
nurses).  Acute  onset  of  fever,  abdominal  pain  and  diarrhea.  Stool  cultures  revealed  S. 
heidelherg  and  S. taksony,  respectively.  Furazolidone  was  administered  with  prompt  allevi- 
ation of  all  symptoms.  Follow-up  cultures  all  have  been  negative. 

Patient  (11  month  old  white  male).  Several  weeks  prior  to  the  onset  of  the  present 
illness  the  child  had  recurrent  bouts  of  tonsillitis  and  otitis  media  which  responded  to 
penicillin.  lJuring  one  of  these  episodes  there  was  no  apparent  response  to  penicillin  and 
chloramphenicol  therapy  was  started.  Twenty-four  hours  subsequently,  while  receiving 
the  latter  antibiotic,  he  developed  vomiting,  diarrhea  and  fever.  The  vomiting  subsided 
within  a  few  hours  but  the  diarrhea  persisted.  Chloramphenicol  was  continued  but  the 
patient's  clinical  condition,  although  slightly  improved,  persisted.  A  stool  culture  taken 
at  this  time  was  found  to  be  positive  for  S.  norwich.  Chloramphenicol  was  continued  for  two 
weeks  during  which  time  there  was  a  gradual  return  of  temperature  to  normal  and  a  decrease 
in  frequency  of  stools.  However,  salnKjnella  organisms  of  the  same  type  continued  to  be 
isolated  from  his  stools  even  after  completion  of  the  course  of  treatment.  Furazolidone 
therapy  was  then  started.  The  patient  received  50  mg.  daily  in  divided  doses  for  a  two  week 
period.  During  this  time  the  appetite  was  poor  and  the  child  was  unusually  cranky  but  these 
S3'mptoms  promptly  disappeared  within  12  to  24  hours  after  cessation  of  therapy.  Three 
consecutive  daily  stool  cultures  taken  one  week  following  furazolidone  therapy  all  failed 
to  reveal  salmonella.  Subsequent  periodic  stool  cultures  have  all  remained  negative  and  the 
child  has  been  asymptomatic. 

Patient  M6  (35  year  old  white  female).  The  patient  entered  the  hospital  with  a  history  of 
weakness  of  13  days  duration  following  a  fall  on  her  buttocks  while  ice  skating.  A  laminec- 
tomy was  performed  and  an  epidural  abscess  was  discovered  and  evacuated.  A  few  days 
post-operatively,  a  stool  culture  taken  because  of  a  bout  of  gastroenteritis  and  elevated 
temperature  grew  out  S.  taksony.  She  was  treated  with  furazolidone  in  the  routine  manner 
and  gastrointestinal  symptoms  and  fever  promptly  subsided  and  all  subsequent  stool  cul- 
tures for  salmonella  have  been  negative. 

Patient  fi7  (48  year  old  white  male).  The  patient  presented  a  three  \  ear  history  of  peri- 
arteritis nodosum  for  which  steroids  had  l)een  administered  regularly.  Six  weeks  prior  to 
the  present  admission  he  develoijed  a  perforated  gastric  ulcer  which  was  attributed  to  the 
steroid  therapj-.  A  subtotal  gastrectcjmy  was  performed.  The  patient's  post-operative  cour.se 
was  uneventfvd.  Six  hours  prior  to  the  present  admission,  the  patient  first  noted  gross  hema- 
turia, rectal  bleeding  of  bright  blood  and  diarrhea  unassociated  with  abdominal  pain.  Urine 
and  stool  cultures  revealed  S.  choleraesuis.  Furazolidone  was  administered  in  the  usual 
fashion  for  10  days  without  imtoward  symptoms.  Follow-up  cultures  after  completion  of 
therapy  and  subsequently  all  have  been  consistently  negative.  Stools  are  now'  normal  in 
frequency  and  consistency  and  there  has  been  no  further  evidence  of  rectal  or  urinary  bleed- 
ing. Steroids  have  been  reinstituted  for  treatment  of  the  periarteritis. 

Patient  #8  (67  year  old  white  male).  Four  months  prior  to  the  present  admission,  the 
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patient  had  fever  to  1()3°F.  lor  three  to  t'oiir  weeks.  He  was  treated  with  penicillin  without 
lienefit .  r])on  admission  to  t  he  hospital,  his  temperature  was  found  to  be  103°F.  and  a  blood 
culture  was  takcui  which  pi'nved  to  be  positive  for  S.  choleraesuis.  He  was  treated  with 
chloramphenicol.  Improvement  was  evident  within  36  hours.  Therapy  was  continued  for  two 
weeks  nntii  discharge.  He  was  readmitted  three  and  a  half  months  later  with  a  recurrence 
of  fever,  weight  loss  and  severe  lower  abdominal  and  lower  back  pain.  Stool  and  blood 
cultures  were  again  found  to  be  positive  fcir  the  same  salmonella  type.  Furazolidone  was 
started  at  once  but  on  the  second  day  he  suddenly  went  into  shock  and  subsequently  ex- 
pired. Post  mortem  examination  revealed  rupture  of  an  abdominal  aortic  aneurysm,  a 
recently  described  complication  of  Salmonella  infection  (8).  Cultures  of  the  lung,  spleen 
and  an  osteomyelitic  focus  in  the  3rd  and  4th  hmibar  vertebrae  all  grew  out  S. 
choleraesuis. 

Patient  ^5  (60  j-ear  old  white  male).  Seven  years  prior  to  the  present  admission  a  partial 
cholecystectomy  with  removal  of  stones  had  been  performed.  His  present  admission  was 
because  of  a  tender  mass  at  the  previous  incisional  site  and  weight  loss  of  25  pounds  in 
three  months.  The  mass  was  incised  revealing  an  abdominal  wall  abscess,  the  contents  of 
which  were  cultured.  S.  choleraesuis  was  isolated  and  therapy  with  chloramphenicol  was 
started.  The  incision  failed  to  heal  and  a  fistula  developed  while  he  was  receiving  the  anti- 
biotic. Culture  of  the  fistula  tract  and  stools  both  revealed  the  presence  of  S.  choleraesuis 
organisms.  He  was  again  operated  upon  and  the  gall  bladder,  which  contained  several 
stones,  and  part  of  the  fistula  tract  were  removed.  He  was  immediate!}'  started  on  a  course 
of  furazolidone  and  did  very  well  post  operatively.  The  fistula  tract  closed  completely,  he 
returned  to  his  original  weight  and  all  subsequent  stool  cultures  have  been  negative. 

Patient  ^10  (18  year  old  Negro  male).  This  patient,  who  attended  the  Food  Trades  High 
School  and  worked  as  a  food  handler  at  a  number  of  department  stores  on  week  ends,  had 
been  entirely  well  prior  to  the  present  illness.  Ten  days  before  admission  he  began  to  com- 
plain of  anorexia,  constipation,  nausea,  vomiting,  throbbing  headache,  fever,  malaise  and 
melena.  Upon  admission  he  was  found  to  have  a  temperature  of  105°F.,  relatively  low  pulse 
rate,  palpable  spleen  and  bloody  diarrhea.  He  was  treated  with  chloramphenicol  and  peni- 
cillin and  for  the  first  five  days  his  temperature  ranged  between  102°  and  105°F.  Culture  of 
the  urine  was  found  to  be  positive  for  S.  typhi  as  were  subsequent  blood  and  stool  cultures. 
Chloramphenicol  was  discontinued  and  treatment  with  furazolidone  was  begun.  His  tem- 
perature gradually  decreased  but  he  continued  to  be  lethargic,  anorexic  and  nauseated. 
His  blood  pressure  was  100/60.  During  the  second  week  in  the  hospital  he  appeared  to  im- 
prove gradually  and  his  temperature  ranged  between  99.0  and  100. 5°F.  Urine  cultures  be- 
came negative  but  his  stool  cultures  remained  intermittently  positive.  A  second  course  of 
furazolidone  therapy  was  started  after  a  one  week  interval  and  2  grams  of  chloramphenicol 
daily  was  added  to  the  therapeutic  regime.  All  subsecpient  stool  cultures  were  consistently 
negative.  The  patient  continued  to  be  asymptomatic  and  afebrile  and  was  discharged  five 
weeks  after  admission. 

Patient  f^ll.A  Negro  man  with  chronic  osteomyelitis  of  16  years  duration  was  admitted 
for  incision  and  drainage  of  an  abscess  of  the  left  thigh,  and  for  sequestration  and  sauceriza- 
tion  of  the  bone  lesion.  Culture  of  material  obtained  at  operation  revealed  S.  typhi  as  did 
stool  cultures  taken  at  the  same  time.  Furazolidone  treatment  was  started  immediately-, 
the  post-operative  course  was  completely  uneventful  and  there  was  excellent  wound  healing. 
Of  three  consecutive  stool  cultures  taken  one  week  after  conclusion  of  treatment,  the  first 
two  were  negative  and  the  third  questionably  positive.  Another  course  of  treatment  was 
reinstituted  and  all  subsequent  stool  cultures  have  remained  negative  for  salmonella. 

Patient  ^12  (59  year  old  white  female).  During  World  War  I,  while  living  in  Eastern 
Europe,  the  patient  became  ill  during  an  epidemic  of  typhoid  fever.  She  migrated  to  the 
United  States  a  few  years  later  and  remained  entirely  as\iniJtomatic.  In  1931  her  stepson 
became  ill  with  high  fever  which  was  proven  to  l>e  tyijlmid  fever.  Because  of  this,  stools  of 
all  members  of  the  family  were  cultured  and  the  patient  was  discovered  to  be  a  carrier.  She 
was  followed  regularly  by  the  New  York  City  Department  of  Health  but  did  not  receive  any 
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t reat incut .  Her  present  iidniissioii  was  for  I  he  [nirposc  oT  cliolecy.stectomy.  At  operation 
her  Knll  bladder  was  found  to  be  clironically  indanied.  Stones  were  found  in  the  gall  bladder, 
eystie  and  common  ducts  and  a  large  stone  was  found  impacted  in  the  Ampulla  of  Vater. 
Culture  of  the  gall  bladder  was  positive  for  S,  l\  plii.  She  was  treated  with  chloramphenicol 
postoperatively  but  two  days  later  her  tcnipcral  uic  rose  to  102''!'".  and  cont  inued  to  be  high 
for  14  days  in  spite  of  the  fact  that  the  bacterial  si  rain  t  hat  had  been  isolated  was  sensitive 
to  the  antibiotic  in  vitro.  At  this  time  an  abscess  w  as  notctl  around  a  retention  suture  which 
was  unroofed  and  drained.  Culture  of  the  contents  of  the  abscess  as  well  as  of  the  stool  at 
this  time  was  positive  for  S.  typhi.  Furazolidone  was  then  administered  and  continued  for 
10  days.  On  the  second  da.v  of  this  therapy  there  was  found  in  the  incision  scar  a  new  abscess 
which  healed  within  a  week  without  incision.  She  remained  afebrile  and  without  complaints 
throughout  the  therapeutic  period.  Daily  follow-up  stool  cultures  luifort  unal  cly  proved  to 
be  consistently  positive.  The  j)atient  was  treated  with  a,nnthei'  (■dinsc  ni'  furazolidone  with 
the  same  dosage  for  two  weeks  but  cultures  taken  after  completion  of  this  coiirse  were  still 
positive.  She  was  discharged  uncured  as  an  asymptomatic  chronic  cairier. 

Patient  filS  (59  year  old  white  male).  This  patient  gave  a  history  of  pain  in  the  right 
upper  quadrant,  chills,  fever,  diarrhea  and  jaundice  two  years  ago.  Cholecystectomy  was 
performed  at  that  time  and  thereafter  he  had  intermittent  bouts  of  fever  and  jaundice. 
Stool  culture  taken  during  one  such  episode  revealed  S.  oranienburg  and  follow-up  cultures 
taken  periodically  thereafter  always  produced  extremely  heavy  growth  of  the  same  or- 
ganism despite  a  number  of  therapeutic  courses  of  chloramphenicol  to  which  the  strain 
remained  sensitive  in  vitro.  In  an  attempt  to  eliminate  this  carrier  state,  a  course  of  furazo- 
lidone was  administered  in  the  usual  dosage.  During  this  period  a  number  of  stool  cultures 
were  found  to  be  negative  but  on  cessation  of  treatment  stool  cultures  promptly  reverted 
to  positive.  Another  course  of  treatment  was  immediately  started,  during  which  the  patient 
complained  of  occasional  nausea,  tiredness  and  dryness  of  the  mouth.  At  the  end  of  ten 
days,  the  dosage  was  reduced  to  100  mg.  twice  daily,  but  on  the  thirteenth  day  of  the  second 
course  he  developed  a  diffuse  morbilliform  eruption  with  some  petechiae  and  itching,  which 
promptly  subsided  after  therapy  was  discontinued.  Follow-up  cultures  were  positive. 
Subsequent  attempts  to  clear  the  patient's  carrier  state  with  courses  of  neomycin  orally, 
chloramphenicol  and  synnematin  B  parenterally,  to  all  of  which  the  strain  was  sensitive  in 
vitro,  have  all  proven  futile. 

A  resume  of  the  clinical  status  of  each  patient  treated  as  well  as  of  the  thera- 
peutic results  achieved  with  the  test  compound  is  contained  in  Table  II. 

Nine  of  the  13  patients  treated  with  furazolidone  achieved  good  results.  One 
patient  (Patient  #  8)  expired  suddenly  of  a  ruptured  abdominal  aorta  24  hours 
after  the  start  of  treatment  so  that  adecjuate  evaluation  of  the  drug's  efficacy 
could  not  be  made.  In  the  case  of  acute  typhoid  fever  fPaticnt  #  10),  recovery 
ensued  but  since  the  clinical  course  was  not  materially  dilicicut  from  what  could 
have  been  expected  in  the  natural  course  of  the  disease  and  since  the  patient 
also  received  chloramphenicol  concomittantly  during  the  second  course  of 
therapy,  no  valid  conclusions  could  be  properly  derived  in  this  instance.  At- 
tempts to  eradicate  the  carrier  state  of  the  two  chronic  carriers  (Patients  #  12 
and  #  13)  ended  in  failure. 

No  serious  untoward  effects  of  the  drug  were  noted  in  this  series.  Some  of  the 
patients  complained  of  slight  nausea  and  loss  of  appetite,  but  this  could  not  be 
ascribed  to  the  drug  entirely.  In  no  instance  was  it  necessary  to  discontinue 
treatment  because  of  intolerance.  One  patient  (Patient  #13),  on  the  13th  day 
of  the  second  course  of  treatment  de\'eloped  a  generalized  morbilliform  eruption 
with  petechiae  which  subsided  promptly  when  the  drug  was  stopped.  No  evi- 
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TABLE  II 


Clinical  Status  of  Patients  with  Salmonella  Infections  and  Therapeutic  Results  Achieved 

with  Furazolidone  [Furoxone) 


Cases 

Age,  Sex, 
Color 

Clinical  Picture 

Etiological 
Type 

Sites  of 
Isolation 

Side 
Effects 

Thera- 
peutic 
Results 

Pt 

«1 

21,  M,  \V. 

Asymptomatic  carrier 

S.  tennessee 

Stool 

Nona 

Cure 

Pt 

»2 

18,  F,  W. 

Asymptomatic  carrier 

S.  taksony 

Stool 

None 

Cure 

Pt 

»3 

21,  F,  C. 

Fever  and  gastroenteritis 

S.  heidelberg 

Stool 

None 

Good 

Pt 
Pt 

»4 
*5 

19,  F,  W. 
11  Mos., 
M,  W. 

Fever  and  gastroenteritis 
Vomiting,  diarrhea,  fever 

S.  taksony 
S.  norwich 

Stool 
Stool 

None 

Poor 
appetite, 
cranky 

Good 
Good 

Pt 

Pt 

«6 
*7 

35,  F,  W. 
48,  M,  W. 

Fever  and  gastroenteritis  post  inci- 
sion and  drainage  of  epidural 
abscess 

Periarteritis  nodosum,  pyuria,  hem- 
aturia, rectal  bleeding,  diarrhea 

S.  taksony 
S.  clioleraesuis 

St  .j1 

Urine 
Stool 

None 
None 

Good 
Good 

Pt 

*8 

67  M  W 

Fever,  weight  loss,  septicemia,  rup- 
tured abdominal  aorta,  death 

S.  choleraesuis 

olOOl 

Blood 

None 

Incon- 
clu- 
sive 

X  t 

flf  9 

60,  M,  W 

Incision  and  drainage  of  abdominal 
wall  abscess,  fistula  formation, 
cholecystotomy,  fistulectomy 

S.  choleraesuis 

Abscess 
Stool 

Fistula  tract 

None 

Good 

Pt 

*  10 

18  M  C 

Acute  typhoid  fever 

S.  typhi 

Blood 
Stool 

Anorexia 
Nausea 

ocal 

Pt 

«11 

32,  M,  C. 

Abscess,  chronic  osteomyelitis 

S.  typhi 

Bone  marrow 
Stool 

None 

Good 

Pt 

*12 

59  F  \V 

Post  typhoid  fever,  chronic  stool 
carrier,  cholecystecomy ,  post  op- 
erative fever,  abdominal  wall  ab- 
scess 

S.  typhi 

Abdominal 

wall  abscess 
Stool 

Gall  bladder 

Failure 

Pt 

*13 

59,  M,  W. 

Recurrent  bouts  of  fever  and  jaun- 
dice post-cholecystectomy  2  yrs., 
chronic  stool  carrier 

S.  oranienburg 

Stool 

Nausea 

Dryness  of 
mouth 

Morbilli- 
form 
eruption 

Failure 

dence  of  renal,  hepatic  or  hematological  toxicity  presented  itself  during  or  after 
treatment. 

In  the  patients  who  failed  to  respond,  .-^eiL-^itivity  tests  performed  upon  the 
residual  positive  cultures  failed  to  reveal  de\-elopment  of  re.-<istanee  on  their  part 
to  the  action  of  furazolidone  in  vitro  so  that  the  drug's  inadequacy  in  this  regard 
could  not  be  attributed  to  this  factor. 

While  an  evaluation  of  the  efficacy  of  any  tirug  in  the  treatment  of  salmonel- 
losis is  extremely  difficult  because  of  the  highly  variable  nature  of  this  disease 
with  respect  to  severit}',  duration,  complications,  etc.,  furazolidone  did  appear 
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to  elicit  a  fa\  ()ral)l('  I luMapcut ic  (effect  in  many  ol  the  cases  in  tliis  limited  series 
although  it  failed  completely  to  eradicate  the  chronic  carrier  state  in  two  of  the 
patients  so  afflicted.  The  number  of  cases  treated,  however,  is  too  few  to  permit 
valid  conclusions  as  to  its  \  alue  in  this  disease  and  a  more  extensive  clinical 
trial  is  indicated  before  its  position  in  the  available  therapeutic;  armamentarium 
afiainst  salmonella  infections  can  be  definitively  estafjlished. 

SUMMARY 

Furazolidone  (Furoxone®),  a  new  antibacterial  compound,  has  been  subjected 
to  laboratory  and  clinical  evaluation  in  the  treatment  of  salmonella  infections. 
All  17  strains  isolated  from  clinical  material  during  the  past  year  proved  highly 
sensitive  to  its  action  in  vitro.  Its  effect  is  primarily  bactericidal.  Nine  of  i;^ 
patients  treated  with  the  drug  achieved  a  satisfactory  clinical  response.  Result 
of  treatment  in  one  case  of  acute  typhoid  fever  was  equivocal,  one  patient  died 
suddenly  from  a  ruptured  abdominal  aorta  too  soon  before  the  drug  could  possi- 
bly exert  any  effect,  and  attempts  to  eradicate  the  chronic  carrier  state  in  two 
patients  resulted  in  failure. 
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THE  DIAGNOSIS  OF  CAROTID  ARTERY  OCCLUSION 


ALLEN  SILVERSTEIN,  M.D. 
New  York,  N.  Y. 

Among  the  many  changing  facets  of  the  present  hospital  practice  of  medicine 
is  the  attitude  of  neurology  house  staff  officers  towards  patients  presenting  with 
cerebrovascular  accidents.  Whereas  in  previous  years,  such  a  patient  was  shunned 
as  "another  stroke,"  and  was  begrudgingly  admitted  to  the  hospital  because  he 
could  not  be  disposed  of  elsewhere,  the  same  patient  today  is  received  by  the 
neurology  resident  with  considerably  more  interest  and  enthusiasm.  The  ex- 
planation for  this  change  in  attitude  lies  in  the  application  of  the  technique  of 
arteriography  to  the  study  of  cerebrovascular  disease,  and  the  subsequent 
recognition  of  the  relatively  great  frequency  of  occlusive  disease  of  the  carotid 
arteries  as  a  cause  for  the  common  "stroke." 

Interest  in  carotid  occlusive  disease  has  been  further  nourished  by  several 
recent  reports  of  successful  therapy.  Since  such  therapy  has  generally  been  of 
value  only  when  instituted  early  in  the  disease,  prompt  diagnosis  of  a  carotid 
occlusion  seems  mandatory.  The  purposes  of  this  communication  are:  (a)  to 
discuss  those  features  of  carotid  occlusion  which  are  reported  to  allow  an  early 
diagnosis,  and  (b)  to  indicate  the  frequency  of  occurrence  of  these  "diagnostic" 
features  in  50  patients  in  whom  carotid  occlusions  were  verified  at  The  Mount 
Sinai  Hospital. 

CLINICAL  MATERIAL 

The  presence  of  a  carotid  occlusion  was  proven  in  all  50  patients  by  arteri- 
ography, surgery  or  autopsy.  The  criteria  for  arteriographic  proof  have  included 
visualization  of  the  tip  of  the  Cournard  needle  on  the  x-ray  film.  Thirty  of  these 
patients  have  been  personally  observed  by  the  author  during  the  last  two  years. 
The  information  to  be  presented  concerning  the  other  20  patients  was  obtained 
from  a  review  of  their  charts. 

INCIDENCE  OF  CAROTID  OCCLUSION 

At  the  present  time  over  500  arteriograms  are  performed  annually  at  The 
Mount  Sinai  Hospital.  The  presence  of  carotid  occlusion  is  demonstrated  in 
approximately  one  of  every  25  such  procedures  (1).  It  has  been  reported  else- 
where that  one  of  every  five  patients  who  present  with  an  acute  "stroke"  syn- 
drome may  have  an  angiographically  demonstrable  carotid  occlusion  (2),  and 
that  a  similar  occlusion  can  be  anatomically  demonstrated  in  one  of  every  ten 
unselected  consecutive  autopsies  (3). 

CLINICAL  FEATURES  OF  CAROTID  OCCLUSION 

The  usual  signs  and  symptoms  produced  by  carotid  occlusion  are  indistin- 
guishable from  those  observed  with  cerebral  lesions  of  other  etiologies.  The 
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acute  onset  of  li('nii|);ii('sis  willi  iiiaxiinuiii  deficit  in  the  uppei'  extreniity,  may 
thus  l)e  identical  with  the  chnical  picture  of  middle  ceixibral  artery  occlusion 
(4-7).  The  presence  of  headache,  focal  seizures,  and  progression  of  symptoms 
may  make  the  clinician  think  first  of  a  cerebral  neoplasm.  Craniotomy  may  un- 
fortunately follow  if  air  studies  are  undertaken  and  a  displaced  ventricular 
syst(mi  (the  result  of  cerebral  edema)  is  demonstrated  (8,  9).  The  great  variabil- 
ity of  the  clinical  picture  of  carotid  occlusion  is  further  shown  by  the  several 
reports  of  patients  with  completely  asymptomatic  occlusions  (3,  5,  10,  11). 

Monocular  Blindness  and  Contralateral  Hemiparesis 

The  classical  textbook  description  of  the  "syndrome  of  the  internal  carotid 
artery"  includes  loss  of  vision  in  the  eye  on  the  side  of  the  occlusion,  and  a  hemi- 
paresis (and  possible  hemisensory  and  homonymous  visual  field  defect)  on  the 
opposite  side.  The  blindness  is  supposed  to  represent  interference  with  the  blood 
supply  through  the  ophthalmic  artery,  the  first  branch  of  the  internal  carotid. 
This  monocular  blindness  may  be  transitory  and  recurrent  early  in  the  disease 
(12,  13).  If  this  syndrome  is  present,  it  is  quite  suggestive  for  occlusive  carotid 
artery  disease;  however,  in  the  actual  analysis  of  patients  with  carotid  occlu- 
sions it  is  only  rarely  observed.  Thus,  only  5  per  cent  of  the  107  patients  with 
carotid  occlusions  collected  by  Johnson  and  Walker  (1-4)  were  reported  to  show 
monocular  blindness,  and  only  three  per  cent  of  the  65  patients  Sastrasin  (15) 
presented  had  the  syndrome.  Only  10  per  cent  of  the  50  patients  in  the  present 
series  were  found  to  have  involvement  of  vision  in  the  eye  and  ipsilateral  to 
their  occlusions.  This  percentage  may  be  higher  than  those  previously  reported 
due  to  the  deliberate  attempt  to  elicit  a  history  of  possible  fleeting  monocular 
blindness  in  the  patients  personally  observed. 

Ipsilateral  Optic  Atrophy 
Atrophy  of  the  optic  nerve  on  the  side  of  a  carotid  occlusion,  presumably  the 
result  of  impaired  ophthalmic  artery  flow,  is  another  "diagnostic"  feature  of 
carotid  occlusion  which  occurs  more  often  in  textbooks  than  in  patients.  Ip- 
silateral optic  atrophy  has  been  observed  only  rarely  in  patients  with  carotid 
occlusions  (32),  and  is  found  in  only  three  per  cent  (15)  to  ten  per  cent  (14)  of 
such  patients.  Only  one  patient  (two  per  cent)  in  the  present  series  was  observed 
to  have  optic  ati'ophy. 

Ipsilateral  Horner's  Syndrome 
A  contracted  pupil  on  the  side  of  a  carotid  occlusion  has  occasionall.\'  been 
described  (3,  16-18).  O'Doherty  and  Green  (10)  have  recently  reported  the 
presence  of  an  ipsilateral  Horner's  syndrome  in  12  of  18  patients  with  carotid 
occlusions,  and  suggested  that  the  findings  of  miosis  and  ptosis  contralateral  to 
a  hemiplegia  may  be  diagnostic  for  carotid  occlusion.  This  disturbance  in  the 
cervical  sympathetics  is  supposed  to  be  due  to  decreased  blood  flow  through  the 
vasa  nervorum  arising  from  the  carotid  artery.  Anhidrosis  of  the  face  is  reported 
to  be  absent  if  the  occlusion  is  confined  to  the  internal  carotid,  and  present  if 
the  common  or  external  carotid  is  involved  (19). 
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A  Horner's  syndrome,  however,  wovild  also  appear  to  l)e  only  an  infrequent 
finding  with  carotid  occlusive  disease.  Miosis  was  thus  described  in  only  nine 
per  cent,  and  ptosis  in  only  six  per  cent  of  the  107  patients  with  carotid  occlu- 
sion collected  by  Johnson  and  Walker  (14).  A  partial  Horner's  syndrome  was 
noted  in  only  four  per  cent  of  the  patients  in  the  present  series.  In  one  patient 
the  pupil  ipsilateral  to  the  carotid  occlusion  was  found  to  be  markedly  dilated. 

Dilation  of  the  Supcrjicial  Vessels  of  the  Face 

If  the  collateral  circulation  to  the  brain  in  patients  with  internal  carotid 
artery  occlusions  is  derived  from  the  ipsilateral  external  carotid  artery  (20), 
such  increased  flow  through  the  external  carotid  may  produce  dilatation  of  the 
ipsilateral  superficial  temporal  artery.  Dilatation  and  tortuosity  of  the  vessels  on 
the  face  and  temporal  region  on  the  side  of  a  carotid  occlusion  have  thus  been 
reported  to  be  of  some  diagnostic  value  (17,  21,  22).  Such  dilatation,  however, 
was  noted  in  only  two  per  cent  of  the  patients  in  the  present  series. 

Recurrent  Cerebral  Episodes 

Many  patients  with  partial  carotid  occlusions  will  present  with  recurrent 
unilateral  signs  and  symptoms  of  cerebral  dysfunction  (23).  This  syndrome  has 
been  referred  to  as  "transient  cerebral  paralysis"  by  Pickering  (24),  as  "inter- 
mittent insufficiency  of  the  carotid  arterial  system"  by  ]Millikan  and  Siekert 
(25),  and  as  "transient  ischemic  attacks"  by  Fisher  (26).  Although  the  syndrome 
has  been  discussed  quite  frequently  in  the  recent  literature  (27-29),  its  precise 
etiology  remains  unclear.  Among  the  factors  possibly  responsible  for  these 
transient  recurrent  cerebral  symptoms,  hypotension,  diminished  cardiac  output, 
cerebral  vasospasm,  recurrent  emboli,  and  transitory  failure  of  collateral  circu- 
lation have  all  been  cited. 

Intermittent  symptoms  were  present  in  40  per  cent  of  Johnson  and  Walker's 
107  patients  with  carotid  occlusions  (14),  and  in  (53  per  cent  of  the  65  patients 
studied  by  Sastrasin  (15).  Such  symptomatology  occurred,  however,  in  only 
11  per  cent  of  the  27  patients  reported  by  Jacobsen  and  Skinhos  (30),  and  in 
27  per  cent  of  the  63  patients  analyzed  by  Webster,  et  al.  (31).  Twenty-six  per 
cent  of  the  patients  in  the  present  series  had  these  recurrent  cerebral  episodes. 

While  this  syndrome  may  occur  not  uncommonly  in  patients  with  carotid 
occlusive  disease,  many  other  patients  with  intermittent  episodes  of  unilateral 
cerebral  dysfunction  and  perfectly  patent  carotid  arteries  at  arteriography  have 
recently  been  observed  in  this  hospital.  In  a  few  of  these  patients  the  presence 
of  a  cerebral  neoplasm  was  eventually  demonstrated.  (An  unobtainable  complete 
history,  or  the  inability  of  the  physician  to  ob-serve  the  patient  during  an  episode 
may  make  differentiation  between  "ischemic"  episodes  and  post  seizure  phenom- 
ena impo.ssible  (26).  Thus,  recurrent  cerebral  episodes  can  by  no  means  be 
considered  diagnostic  for  carotid  occlusion. 

Diminished  Carotid  Pidsations 

Although  Hunt  (32)  called  attention  to  the  diagnostic  importance  of  diminished 
carotid  artery  pulsations  in  the  neck  on  the  side  of  a  carotid  occlusion  as  far 
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back  us  H)l  I,  the  pulse  usually  felt  in  the  neck  is  that  of  the  external  or  common 
carotid  artery.  Thus,  diminished  carotid  pulsations  are  rarely  felt  in  the  ne(;k 
with  occlusions  of  the  internal  carotid  artery  alone.  Absence  of  the  carotid  pul- 
sation in  the  neck  together  with  loss  of  the  superficial  temporal  pulse,  however, 
are  probably  diagnostic  for  the  relatively  rare  occlusion  of  the  common  carotid 
artery  (33-35).  Dunning  (13,  36,  37)  has  reported  that  internal  carotid  artery 
occlusions  may  be  diagnosed  by  palpating  the  carotid  pulsation  within  the 
pharynx,  a  site  where  the  internal  and  external  carotid  arteries  are  supposedly 
well  separated.  It  has  been  the  experience,  however,  of  almost  all  other  writers 
that  palpation  of  neither  the  pharyngeal  nor  neck  pulses  is  particularly  helpful 
in  recognizing  carotid  occlusions  (7,  8,  38-40). 

Information  was  available  concerning  the  equality  of  the  carotid  pulses  in  the 
neck  in  43  of  the  patients  in  the  present  series.  Diminished  pulsations  on  the 
side  of  the  occlusion  were  reported  in  12  (28  per  cent),  but  differences  of  opinion 
were  expressed  by  other  observers  regarding  the  certainty  of  these  findings. 
Only  five  of  the  30  personally  observed  patients  had  diminished  carotid  pul- 
sations; the  common  carotid  was  occluded  in  one  of  these  patients.  An  attempt 
was  made  to  feel  pharyngeal  pulsations  in  all  30  subjects.  In  no  cases  were  un- 
equal pharyngeal  pulsations  noted. 

Carotid  or  Intracranial  Bruit 

Occasionally  patients  with  carotid  occlusive  disease  may  report  "noises"  in 
their  heads,  and  the  examiner  may  hear  an  intracranial  or  carotid  bruit.  Thus, 
Harbitz  (41)  in  1926  reported  a  patient  with  bilateral  carotid  occlusions  whose 
symptomatology  included  "noises  in  the  ears".  Similar  subjective  and  objective 
head  murmurs  in  patients  with  carotid  occlusions  have  been  reported  by  others 
(42-44).  Cohen  and  Miller  (45)  suggested  auscultation  over  the  eyeball,  and 
presented  three  patients  with  proven  carotid  occlusions  and  "eyeball  bruits". 
In  a  recent  presentation  of  several  more  cases,  Fisher  (46)  noted  that  the  mur- 
mur occurs  on  the  side  opposite  a  completely  occluded  carotid,  and  suggested 
that  it  may  be  due  to  collateral  circulation  via  the  patent  carotid.  Others 
(7,  47-49)  have  claimed  that  a  bruit  heard  over  the  carotid  artery  represents  par- 
tial occlusion  at  that  site.  Crevasse  and  Logue  (48)  claim  that  the  systolic  carotid 
murmur  changes  to  a  continuous  murmur  with  the  development  of  "carotid 
insufficiency".  These  murmurs  may  vanish  with  the  correction  of  anemia 
(46,  48),  or  the  development  of  a  relative  hypotensive  state  (47). 

It  should  be  noted,  however,  that  there  are  many  conditions  other  than  carotid 
occlusion  which  can  be  responsible  for  a  carotid  or  intracranial  bruit.  These 
include  anemia,  hyperthyroidism,  Paget's  disease,  aortic  valvular  lesions,  vas- 
cular malformations  and  certain  neoplasms  (hemangioma,  carotid  body  tumor) 
(45,  50). 

An  attempt  was  made  to  hear  a  carotid  or  intracranial  bruit  in  37  patients 
with  verified  carotid  occlusions  from  the  present  series.  Carotid  murmurs  were 
heard  in  only  five  patients  (14  per  cent).  The  carotid  murmur  radiated  to  the 
mastoid  bone  in  one  patient;  no  other  intracranial  bruits  could  be  heard  in  this 
series. 
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Carotid  Cotuprcfision 

Tlu'  (•(illat(M-al  circulation  to  tlK>  brain  is  derived  from  the  patent  carotid  in 
about  (m  per  cent  of  patients  with  a  carotid  occUision  (20).  Manual  compression 
of  this  patent  carotid  may  therefore  produce  signs  of  cerebral  ischemia  (syncope 
and  or  seizures),  and  thus  he  of  some  aid  in  the  recognition  of  a  contralateral 
carotid  occlusion. 

As  far  as  could  be  determined,  the  first  "positive"  carotid  compression  test 
(i.e.  the  production  of  syncope  or  seizures)  was  reported  in  a  patient  with  a 
prf)bable  carotid  occlusion  in  1930  (51).  Positive  tests  in  two  patients  with 
common  carotid  occlusions  were  cited  in  1941  (33),  but  these  may  well  have 
been  manifestations  of  carotid  sinus  hypersensitivity.  The  diagnostic  significance 
of  carotid  compression  was  first  suggested  by  Bonnal,  et  al.  (52)  in  1952,  and 
reemphasized  by  Ochs,  et  al.  (53)  in  1954.  The  subsecjuent  writings  of  Webster 
and  (iurdjian  (54-58)  have  established  the  technicjue  of  carotid  compression  as 
a  valuable  adjunct  to  the  neurological  examination. 

Patients  with  carotid  occlusions  may  show  several  signs  and  .symptoms  when 
their  patent  carotid  is  compressed.  Thus,  syncope  and/or  seizures  may  result 
(20,  52-58),  contralateral  paresthesias  and  hemiparesis  can  occur  (59-61)  and 
electroencephalographic  abnormalities  may  be  produced  (20,  23,  61-65). 

Positive  carotid  compression  tests  have  been  reported  to  occur  in  80  per  cent 
of  52  patients  with  carotid  occlusions  (57).  The  test  has  been  performed  in  40 
patients  in  the  present  series  and  was  pcsitive  in  26  (65  per  cent). 

While  it  is  usually  possible  to  distinguish  between  the  effects  of  this  test  and 
carotid  sinus  hypersensitivity  (66),  it  should  be  stated  that  many  patients  with- 
out carotid  occlusions  will  ha^■e  positive  tests  from  carotid  C(jmpression.  The 
list  of  conditions  other  than  carotid  occlusion  in  which  positive  tests  have  been 
observed  is  cjuite  large  (20),  and  this  may  well  limit  the  diagnostic  value  of  the 
procedure.  It  should  also  be  noted  that  carotid  compression  tests  may  not  be 
completely  without  risk  (66). 

Ophthalm  ochjnam  om  elnj 

Since  the  ophthalmic  artery  is  the  first  branch  of  the  internal  carotid  artery? 
diminished  pressure  in  the  retinal  artery  on  the  side  of  an  occluded  carotid  may 
well  be  expected.  The  techniciue  of  ophthalmodynamometry  which  allows 
measurement  of  the  central  retinal  artery  pressure,  and  the  results  of  its  pre- 
liminary application  to  the  study  of  patients  with  carotid  occlusive  di.sease, 
have  recently  been  described  (67). 

The  first  recorded  ophthalmodynamometric  diminution  of  retinal  artery 
pressure  in  a  patient  with  a  carotid  occlusion  was  described  in  1936  (68).  jNIilletti 
(17)  recognized  the  diagnostic  value  of  the  procedure  in  1950,  and  reported  that 
manual  compression  of  the  patent  carotid  reduced  the  pressure  in  both  retinal 
arteries  (the  "tonometric  retinal  syndrome").  Thomas  and  Petrohelos  (69)  in 
1953  collected  15  instances  of  significant  ophthalmodynamometric  changes  in  19 
patients  with  carotid  occlusions  from  the  literature,  and  reported  five  patients, 
four  of  whom  had  positive  te^ts. 
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The  value  of  ophthalniodynanuinict  ly  ;is  a  simple  (liasuost  ic  test  for  cai-ot  id 
occlusion  has  been  repeatedly  confirmed  (20,  52,  70-73),  although  rare  false 
positive  tests  have  been  reported  (73,  74).  Heyman,  et  al.  (75)  found  significant 
differences  in  retinal  artery  systolic  pressures  in  80  per  cent  of  16  patients  with 
carotid  occlusions,  and  Ilollenhorst  (70)  has  written  that  72  per  cent  of  lit) 
patients  with  the  clinical  picture  of  carotid  insufficiency  or  occlusion  had  dimin- 
ished ipsilateral  retinal  artery  pressure.  Ophthalmodynamometry  was  ade- 
quately performed  in  23  patients  with  proved  carotid  occlusions  in  the  present 
series.  Diagnostic  results  were  obtained  in  16  (70  per  cent). 

CLINICAL  DIAGNOSIS  OF  CAROTID  OCCLUSION 

The  admission  diagnosis  recorded  by  the  senior  examiner,  after  his  initial 
history  and  examination,  on  the  charts  of  each  of  the  50  patients  with  verified 
carotid  occlusions  in  this  series  may  indicate  how  variable  the  clinical  picture  of 
a  carotid  occlusion  may  be.  Thus,  cerebrovascular  lesion  was  diagnosed  in  19 
patients,  brain  tumor  in  14,  carotid  occlusion  in  13,  subdural  hematoma  in  two, 
and  subarachnoid  hemorrhage  and  brain  stem  lesion  in  one  patient  each.  Only 
two  of  the  13  correct  diagnosis  of  carotid  occlusion  were  made  prior  to  1957. 

The  frequency  of  the  so-called  "diagnostic"  features  of  carotid  occlusion,  as 
obtained  from  the  present  series,  is  summarized  in  Table  I.  With  the  possible 
exceptions  of  positive  carotid  compression  and  ophthalmodynamometric  studies, 
these  "diagnostic"  features  occur  only  infrequently  in  patients  with  carotid 
occlusions.  Those  features  that  do  occur  commonly  are  unfortunately  also  seen 
in  patients  without  carotid  occlusions.  For  these  reasons,  and  because  of  the 
great  variability  of  the  clinical  picture  of  a  carotid  occlusion,  the  clinical  diagnosis 
of  carotid  occlusive  disease  can  hardly  ever  be  made  with  certainty.  A  definitive 
diagnosis,  however,  can  almost  always  be  established  with  the  help  of  carotid 
arteriography,  a  simple  procedure,  which  has  proven  to  be  safe  even  in  elderly 
patients  with  occlusive  vascular  disease. 

ANGIOGRAPHIC  DIAGNOSIS  OF  CAROTID  OCCLUSION 

For  adequate  arteriographic  diagnosis  of  a  carotid  occlusion,  all  cerebral 
arteriograms  should  include  visualization  of  the  vessels  in  the  neck  so  that  a 

TABLE  I 

Incidence  of  Diagnostic  Features  of  Carotid  Occlusion 


Monocular  Blindness  and  Contralateral  Hemiparesis   10% 

Ipsilateral  Optic  Atrophy   2% 

Ipsilateral  Horner's  Syndrome   4% 

Dilatation  of  Superficial  Vessels  of  Face   2% 

Recurrent  Cerel)ral  Episodes   26% 

Diminished  Carotid  Pulsations   28% 

Carotid  or  Intracranial  Bruits   14% 

Positive  Carotid  Compression   65% 

Diminished  Retinal  Artery  Pressures   70% 
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Fic.  1.  AiiKiographic  fpatui'cs  of  jiartial  caidtid  (irclusioiis. 


Fig.  2.  Angiographic  features  of  (  (.iii|ilric  carotid  occlusions. 
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partial  carotid  occlusion  (cxaniplcs  ol'  which  arc  shown  in  fij:;urc  Ij  is  not  Ict'l 
unrecognized.  If  no  contrast  medium  is  seen  in  the  internal  carotid  artery,  the  tip 
of  the  Cournard  needle  must  be  visualized  on  the  x-ray  film  before  the  diagnosis 
of  carotid  occlusion  is  made.  Thus,  improper  insertion  of  the  needle  into  the 
external  carotid  artery,  or  insertion  of  the  contrast  media  into  the  sheath  of  the 
vessel  may  be  identified  as  the  cause  of  the  non-filling  internal  carotid  artery. 
The  typical  angiographic  picture  of  a  complete  carotid  occlusion  is  that  of  a 
small  nubbin  of  contrast  media  just  at  the  expected  origin  of  the  occluded  vessel. 
(Examples  of  this  are  shown  in  figure  2.)  The  demonstration  of  collateral  circu- 
lation may  also  be  of  diagnostic  value. 

A  few  instances  of  non-filling  of  the  internal  carotid  artery  not  due  to  carotid 
occlusion  have  occasionally  been  reported.  Thus,  it  is  said  that  "spasm"  of  the 
artery,  secondary  to  mechanical  trauma,  may  result  in  a  false  angiographic 
diagnosis  of  carotid  occlusion  (7,  77,  78).  The  contrast  media  may  be  injected 
into  the  intima  of  the  vessel  producing  a  valvula  which,  when  distended  with 
contrast  media,  may  simulate  an  occluded  vessel  (79).  The  needle  puncture  may 
result  in  bleeding  within  the  wall  of  the  artery  which  may  also  mimic  the  angio- 
graphic picture  of  a  carotid  occlusion  (80).  The  position  of  the  patient's  head 
during  arteriography  may  be  important  (7),  and  compres.sion  of  the  internal 
carotid  artery  by  the  transverse  process  of  the  atlas  may  result  in  non-filling  of 
the  vessel  (81).  Xon  or  poor  visualization  of  the  internal  carotid  artery  has  also 
been  reported  in  a  few  terminal  patients  with  acutely  increased  intracranial 
pressure  (82,  83).  The.se  arteries  were  found  to  be  patent  at  autopsy,  and  the 
explanation  for  the  erroneous  angiographic  picture  of  carotid  occlusion  is  obscure. 

While  these  "false-positive"  angiographic  diagnoses  of  carotid  occlusion  have 
been  reported,  their  occurrence  is  quite  rare.  Angiography  remains  not  only  the 
sole  means  of  allowing  the  definitive  diagnosis  of  carotid  occlusion  to  be  made 
with  any  degree  of  certainty,  but  it  also  gives  information  concerning  collateral 
circulation  which  may  be  of  value  for  prognosis  and  therapy. 

SUMMARY 

Certain  clinical  features  of  50  patients  with  verified  occlusions  of  the  carotid 
arteries  are  described.  Many  of  the  features  previously  th(jught  to  be  diagnostic 
for  carotid  occlusion  are  only  infrequently  present,  and  the  clinical  pictures 
produced  by  such  occlusions  are  quite  variable.  While  ophthalmodynamometric 
and  carotid  compression  studies  may  be  of  some  help  in  recognizing  carotid 
occlusions,  a  definitive  diagnosis  requires  arteriography. 
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PATHOLOGIC  FEATURES  OF  PIPESTEiM  FIBROSIS  OF 
THE  LIVER  DUE  TO  SCHISTOSOMIASIS 
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AND 

WILLIA-M  H.  LOERY,  .M.D.t 
New  York,  X.  }'. 

Since  the  original  description  of  white-clay  pipestem  cirrhosis  in  hepatic 
schistosomiasis  by  Symmers  (1)  in  1904,  several  conflicting  theories  have  been 
presented  as  to  the  pathogenesis  of  the  lesion  and  the  mechanism  of  its  most 
important  clinical  manifestation,  portal  hypertension  (2-6). 

Some  of  the  difficulties  in  vuiderstanding  the  development  of  the  lesion  arise 
from  a  lack  of  knowledge  regarding  (a)  the  cause  and  nature  of  intraparenchymal 
alterations,  (b)  the  mechanism  of  portal  fibrosis,  and  (c)  factors  in  the  develop- 
ment of  portal  hypertension. 

In  an  attempt  to  explore  these  problems  further,  li^•er  tissue  from  a  group  of 
patients  with  pipestem  fibrosis  was  examined. 

M.\TERI.\L  AND  METHODS 

Autopsy  specimens  were  obtained  from  eight  patients  and  surgical  biopsy 
specimens  from  two  patients  with  chronic  hepatic  schistosomiasis  due  to  Schis- 
tosoma mansoni.  Five  patients  were  seen  at  The  Mount  Sinai  Hospital  and  five 
at  Presbyterian  Hospital,  New  York.  All  tissues  were  fixed  in  buffered  neutral 
formalin.  Routine  histological  examinations  were  carried  out  after  staining  with 
hematoxylin  eosin.  In  addition,  the  following  special  stains  were  used:  Chroma- 
trope  aniline  blue  for  connective  tissue,  silver  impregnation  for  reticulum, 
periodic  acid  Schiff  (PAS)  reaction  for  polysaccharides,  and  Weigert's  stain  for 
ela.stica.  Ultrathin  sections  (one  micron)  were  cut  in  the  Porter-Blum  microtome 
after  double  embedding.  These  sections  were  all  stained  with  the  same  methods 
used  on  routinely  cut  sections  except  that  the  elastica  stain  was  omitted. 
Deparaffinized  sections  were  also  mounted  in  low  fluorescence  immersion  oil  and 
examined  in  the  fluorescence  microscope. 

RESULTS 

Alterations  were  noted  in  the  general  lobular  architecture  of  the  liver,  in  the 
epithelial  li\'er  cells,  in  the  intralobular  mesenchymal  elements,  and  in  and 
around  the  portal  tracts. 

From  The  Departments  of  Pathology  and  Medicine,  The  Mount  Sinai  Hospital,  New 
York,  X.  Y.,  and  the  Laboratory  of  Surgical  Pathology,  the  Department  of  Surgery, 
Columbia  Presb.yterian  Medical  Center,  New  York,  N.  Y. 
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Fig.  1A.  Fig.  IB. 

Fig.  1.  Increase  of  reticulum  fiber.s  within  the  parenchyma  as  demonstrated  by  Gomori's 
silver  impregnation.  A)  Five  micron  thick  section:  Duplication  of  reticulum  framework, 
which  is  represented  by  continuous  frequently  branching  and  crossing  membranes.  B)  One 
micron  thick  section  showing  the  reticulum  framework  consisting  of  cross  sections  of  indi- 
vidual fibres  (arrow)  which  in  most  places  seem  to  overlap  superficially  to  produce  a  con- 
tinuous layer  (X  4000). 

TABLE  I 


Palhological  Features  in  Each  of  the  10  Cases  of  Hepatic  Schistosomatic 


Case  No. 

Granulomas 

Phlebitis 

Throm- 
bosis 

Thicken- 
ing of 
Arteries 

Nodules 

Subcapsular 
Fibrosis 

Ductular 
Proliferation 

1 

Periportal  and 
intralobular 

+ 

+ 

+ 

+ 

2 

+ 

+ 

+ 

Pseudo- 
n(jflules 

+ 

+ 

3 

Portal  tract  and 

+ 

+ 

+ 

+ 

+ 

and  vicinity 

4 

+ 

+ 

+ 

+ 

5 

+ 

+ 

+ 

+ 

6 

+ 

+ 

+ 

7 

+ 

+ 

+ 

8 

Portal  tract 

+ 

+ 

9 

Intralobular 

+ 

+ 

10 

+ 

+ 

+ 

+ 

-4- 
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General  Lobular  Architecture 

The  l()l)ular  architecture  was  preserved  in  all  cases  except  in  the  subcapsular 
zone  where  conspicuous  fibrosis  and  collapse  were  noted  with  dissection  of 
lobules  and  formation  of  small  pseudonodules.  The  parenchymal  cells  in  the 
pseudonodules  were  in  plates  only  one-cell  thick,  in  contrast  to  the  several  cell 
thick  plates  of  the  regenerative  nodule  of  cirrhosis.  True  regenerative  nodules 


Fig.  2.  Large  amount  of  fibroblasts  with  spindle  shape  nuclei,  some  with  (l(iiil)le  nucleol 
in  fibrotic  portal  tract  (H&E  X  600). 


Fig.  3.  Thin  connective  tissue  septum  extending  through  the  parenchyma  without  rela- 
tion to  the  lobular  architecture  (H&E  X  63). 
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wci'c  not  seen  in  ;niy  of  llic  cases,  (llisson's  capsule  was  thickened  in  all  cases  in 
wliich  a  portion  ol'  the  capsule  was  present  in  the  section. 

Epilhclidl  Ijivcr  Cells 

The  epithehal  hver  cells  appeared  normal  with  heniatoxylin-eosin  stains,  in 
that  the  cytophism  was  uniform,  and  basophilic  nuclei  were  well  stained,  and 
n(Mgiihoring  cells  were  alike.  However,  with  the  PAS  reaction,  fine  PAS  positive 
grainiles  were  seen  in  scattered  cells  with  no  zonal  predilection.  In  addition, 
small  amounts  of  fine,  granular,  brown  pigment  was  seen  in  some  cells.  Small 
scattered  areas  of  focal  necrosis  were  seen  in  severe  cases.  No  evidence  of  bile 
stasis  was  found  in  any  of  the  cases. 

Sinusoids  (uul  Kiipjfer  Cells 

The  sinusoidal  border  of  the  liver  cells  was  thickened  in  chromatrope  aniline 
blue  and  PAS  stains  (Fig.  lA)  in  cases  number  8  and  6  respectively  (Table  I). 
With  sih'er  impregnation,  in  ultrathin  sections,  the  reticulum  appeared  as  a 
continuous  line  rather  than  the  normal  series  of  fine  dots  (Fig.  IB),  in  eight  of 
the  cases  (Table  I).  The  Kupffer  cells  were  increased  in  size  and  number.  They 
contained  many  strongly  PAS  positive  granules  and  clumps  of  brown  pigment. 
The  pigment  was  not  fluorescent. 

Portal  Tracts 

The  smallest  portal  tracts  were  infiltrated  by  lymphocytes,  monocytes  and 
eosinojihiles.  Fibroblasts  were  present  in  large  numbers  (Fig.  2).  The  larger 


•5  "Si 

•  ■  -■■  "^-■^1 
-  •       -  -^^-^ 

Fig.  4.  Partial  thromlwsis  of  branch  of  portal  vein  in  an  extreincly  fibrosed  portal  tract 
(X  63  orcein  elastica  stain). 
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Fig.  .3.  luuu'i .•■  Ic.-inn  \\  i l  liiii  l hick.  \\  allc(l  vci  11.-  and  ai  Ici  io  >  al  l  ow  1 .  a.-^  well  a.-  multiple 
nerves  (curved  arrow)  (H&E  X  63). 


portal  tracts  appeared  as  very  broad  bands  of  tiljrous  tissue  containing  reticulum 
and  collagen  fibers  in  equal  amounts  and  a  few  elastic  fibers.  The  collagen  fibers 
were  longitudinal  and  wavy,  and  passed  vessels  without  surrounding  them. 
Infiltration  similar  to  that  seen  in  the  small  portal  tracts  was  present  in  the 
broad  bands.  Ductular  proliferation  was  present  in  the  portal  tracts  in  all  cases 
without  necessarily  periductular  infiltration.  Intralobular  bile  ducts  were 
normal.  \'ery  thin,  long  and  straight  fibrous  septa  extended  fi'om  the  broad 
fibrosed  portal  areas  into  the  parenchyma,  sometimes  across  several  lobules 
(Fig.  3).  The  greatest  amount  of  pigment  was  in  the  portal  tract,  particularly 
in  macrophages.  Its  characteristics  were  the  same  as  in  the  Kupffer  cells. 

Vessels 

The  central  veins  were  normal.  Chronic  phlebitis  of  portal  vein  l)ranches  in 
the  portal  tracts  were  seen  in  si.x  cases  (Table  Ij  with  endothelial  proliferation, 
infiltration  with  mononuclear  cells,  and  thickening  of  the  vein  walls  (Fig.  4). 
Thrombosis  of  portal  vein  branches  had  occurred  in  three  cases.  ]Many  newly- 
f(jrmed  vessels  were  seen  in  the  portal  tract  in  all  cases  and,  in  two,  these  as- 
.sumed  an  angiomat(jid  character.  In  eight  cases,  medium-sized  and  small-sized 
arterioles  presented  a  striking  thickening  of  the  media  in  the  fibrotic  areas 
(Fig.  5).  The  arteriolar  lumens  were  not  appreciably  narrowed.  The  walls  of 
both  the  veins  and  arteries  contained  much  PAS  positive  material  diffusely 
distributed  V)oth  in  the  media  and  in  the  iiitima. 
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Fk;.  tj.  Sxininers'  k'siuii  uitli  (•xtciisivc  lihiosi,--  ul  ilic  jxnial  tract  which  contains  an 
dicier  granuioma  with  central  ovum  of  Schistosoma  (H&E  X  63). 


Gratnildman 

Distinct  granulomas  with  epithelioid  and  foreign  l)ody  giant  cells  were  found 
in  three  cases  with  the  shell  of  the  ovum  in  two  and  an  intact  ovum  in  one  (Fig.  6) 
(Table  I).  The  granulomas  were  located  in  the  portal  tract,  in  the  parenchyma 
adjacent  to  the  portal  tracts,  and  in  both  areas.  When  granulomas  were  in  the 
small  portal  tracts,  they  occupied  the  entire  area,  apparently  obliterating  the 
portal  vein  branches.  The  reticulum  stopped  at  the  border  the  graiuilomas 
and  sometimes  encircled  them  in  a  concentric  onion  peel-like  fashion. 

i)[srrssiox 

In  all  the  cases  described,  the  morphologic  picture  was  characteristic  and 
easily  permitted  the  diagnosis  of  Symmers'  pipestem  fibrosis.  The  presence  of 
the  ovum-containing  granuloma  led  to  an  uner}uivocal  diagnosis,  although  the 
distribution  of  broad  l)ands  (^f  fibers  aroiuid  portal  vein  branches  in  the  ab.sence 
of  granulomas  sufficed  as  a  diagnostic  criterion.  From  the  broad  fibrous  bands, 
very  thin  septa  extended  through  several  normal  lobules,  appearing  longer  and 
straighter  than  in  cirrhosis. 

The  picture  is  strikingly  different  from  that  seen  in  either  postnecrotic  or 
septal  cirrhosis,  when  septa  are  shorter,  thicker,  and  surround  nodules  in  which 
the  liver  cell  plates  are  two  or  more  cells  thick,  especially  on  the  periphery. 
Furthermore,  in  schistosomiasis,  fibrosis  is  associated  with  the  presence  of  many 
fibrol)lasts  which  are  very  spar.'<e  in  cirrhosis. 
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The  (lii'fVreiitinl  diaKnof^i"^  is  pai  l  icularly  based  on  tho  absciit-e  of  regenerative 
nodnles  and  the  lack  of  portohepatic  venous  anastomosis  in  schistosomiasis.  If 
cii'rhosis  is  present,  it  prol)ably  is  an  independent  disease  process  (5).  Diagnosis 
of  pipestem  fil)rosis  fi-om  needle  biopsy  specimens  may  be  difficult  if  tissue  is 
removed  from  nonfibrotic  areas,  thus  appearing  normal,  or  from  the  subcapsular 
zone  when  it  may  be  difficult  to  distinguish  from  cirrhosis  (7,  8).  Peritoneoscopic 
needle  biopsy  or  laparotomy  are  preferable  means  of  obtaining  tissue. 

The  PAS  positive  material  in  the  Ivupffer  cells  and  along  the  sinusoidal  border 
of  the  liver  cells,  together  with  an  increase  in  the  reticulum  fibers  along  the 
sinusoids  is  similar  to  that  which  is  seen  in  many  types  of  hepatic  injury  often 
leading  to  fibrosis.  This  fibrosis  usually  develops  in  the  absence  of  fibroblasts  in 
contrast  to  that  which  was  seen  in  portal  tracts.  It  possibly  represents  a  reaction 
to  the  portal  inflannnation  rather  than  a  response  to  the  injury  which  caused 
the  portal  inflammation  since  it  is  .so  much  milder  in  degree. 

Since  granulomas  were  seen  in  the  periportal  area  in  addition  to  within  the 
portal  tract,  the  ova  in  some  instances  had  to  migrate  through  the  wall  of  the 
portal  vein  branch  and  into  the  parenchyma.  Kohlschiitter  and  Koppisch  claim 
that  the  ovum  attaches  itself  to  the  vein  wall  and  migrates  through,  producing 
the  granuloma  and  localized  phlebitis  in  the  process  (9,  10).  The  variations  in 
the  location  of  these  lesions  throw  some  doubt  on  the  role  of  the  granuloma  in 
the  development  of  pipestem  fibrosis  and  portal  hypertension.  Furthermore,  the 
uniform  thickening  of  the  larger  vein  walls  is  not  characteristic  of  active  or 
healed  granulomas.  The  presence  of  much  PAS  positive  material  uniformly 
distributed  throughout  the  vessel  walls  .suggests  a  more  diffuse  process.  However, 
.some  portal  tracts  were  seen  to  be  completely  filled  with  granulomas,  with 
apparent  obliteration  of  portal  veins  sugge.sting  that  granulomas  -per  se  may 
contribute  to  portal  hypertension  in  the  early  phases  of  the  disease.  In  addition 
to  oblitei'ation  by  granulomas,  portal  vein  branches  may  be  occluded  by  thrombi 
or  narrowed  by  phlebitis.  Lichtenberg  stressed  the  finding  of  all  three  features 
(6),  and  Kohlschiitter  and  Koppisch  felt  that  phlebitis  was  mo.st  important  (9). 
Throml)i  were  found  in  only  three  cases  whereas  phlebitis,  with  increase  in 
elastic  tissue  in  the  wall,  was  present  in  six.  The  thickness  of  the  vein  wall  indi- 
cates that  the  phlebitic  process  is  a  chronic  one  which  is  still  active  in  the  absence 
of  granulomas  as  evidenced  by  the  presence  of  inflammatory  cells  and  PAS 
positive  material.  As  a  result  either  of  the  narrowing  or  of  the  occlusion  of  the 
veins,  new  veins  form  around  the  original  channel.  In  injection  preparations 
these  appear  as  a  mo.ssy  covering  of  the  vein  branch.  Bogliolo  thinks  that  much 
of  the  portal  l)lood  flows  through  these  newly-formed  vessels  but  because  of  the 
narrow  lumens  and  tortuous  courses  the  flow  is  slow  (11,  12).  It  is  difficult  to 
explain  uniform  thickening  of  portal  venous  channels  on  the  basis  of  a  series  of 
focal  lesions,  i.e.  granulomas.  Rather  it  seems  that  some  irritant  is  acting  on 
larger  and  medium-sized  vessel  branches  and  .spares  some  smaller  ones.  The 
most  likely  factor  is  the  presence  of  the  worm  or  its  ova  in  this  locale  before  or 
during  their  passage  through  the  wall. 

Many  parasite  proteins  excite  rather  \'iolent  respon.ses  in  the  host  and  possibly 
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(he  poi'lal  fil)i()sis  is  ;i  rcsull  nl  |)i((l(iiij^c(l  ('\|)()sui('  ti)  sucli  ;i  protein.  As  ii  result 
of  oeclusiou  and  iiarrowiiif^  of  jjorlal  vein  braiicluss  and  slovvinj^  of  blood  flow  in 
tortuous  newly-formed  channels,  pressure  in  llie  i)ortal  vein  increases,  leadiuf:;  to 
the  clinical  picture  of  portal  hypertension. 

The  obliteration  and  narrowiufi;  is  similar  in  effect  to  thrombosis  and  phlebitis 
of  extrahepalic  portion  of  th(>  poi'tal  vein  while  the  mossy  new  veins  simulate 
multiple  small  cavernomatous  transformations.  Thus,  hepatic  schistosomiasis 
produces  portal  hypertension  in  the  same  way  extrahepati(^  portal  vein  (hsease 
does  (13,  14).  The  fibrosis  itself  is  not  an  important  factor.  Portal  hypertension 
in  pipestem  fibrosis  is  presinuosidal  rather  than  post-sinusoidal  as  in  cirrhosis. 
This  has  been  substantiated  by  portal  pressure  estimation  of  splenic  pul[)  pressure 
and  wedged  hepatic  vein  pressure  in  the  same  patient  in  whom  splenic;  pressure 
was  high  and  the  wedged  pressure  low  (15).  The  thickening  of  the  arteriolar 
walls  is  probably  the  result  of  local  inflammatorj'  (oi-  hypersensitivity)  reactions, 
since  it  is  seen  only  in  areas  of  fibrosis.  Proliferation  of  arterioles  was  not  seen 
and  therefore  it  is  unlikely  that  the  arteriolar  changes  play  a  significant  role  in 
portal  hypertension.  Furthermore,  since  the  lumens  were  not  much  narrowed,  it 
is  doubtful  whether  a  decreased  arterial  blood  supply  aggravates  the  lesion. 

SUMMARY 

In  ten  cases  of  hepatic  schistosomiasis  with  pipestem  fibrosis,  the  histologic 
appearance  of  the  liver  was  sufficiently  characteristic  to  permit  the  diagnosis 
e\  en  in  the  absence  of  ovum-containing  granulomas. 

Fibroblastic  portal  fibrosis  with  inflammation,  thrombosis,  and  new  formation 
of  portal  vein  branches  was  seen  in  large  and  medium-sized  portal  tracts. 

Difi'use  changes  in  the  lobules,  such  as  thickening  of  the  sinusoidal  border  of 
the  liver  cells  with  increased  reticulum,  were  found,  when  ultra-thin  sections 
were  examined. 

Narrowing  or  occlusion  of  the  original  portal  branches  and  thin  and  tortuous 
new  vessels  are  felt  to  be  respcjnsible  for  the  portal  hypertension.  Because  of  the 
uniform  nature  of  the  lesion,  in  large  and  medium-sized  portal  veins,  local  reaction 
to  the  o\'a  and  worm  is  suggested  as  an  important  etiologic  factor,  rather  than 
migration  of  the  ova  through  vein  walls. 
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HYPOTENSIVE  THERAPY  OK  ACU  l  i;  INTRACRANIAL 
HEMORRHAGE:  I'lfRTIIEH  STl'DIES 

PAUL  sj.()sb1':rg,  m  ix 

New  York,  N.  Y. 
IXTRODITCTIOX 

This  communication  is  u  description  of  a  non-sur<^ical  method  of  treatment 
of  patients  with  acute  subarachnoid  and/or  intracerebral  bleeding  due  to  single 
and  or  multiple  aneurysms  primarily,  but  which  may  be  used  in  cases  of  hemor- 
I'hage  due  to  arteriovenous  malformation,  as  well  as  those  in  which  no  cause  of 
bleeding  can  be  found.  Intracranial  lileeding  due  to  head  trauma  and  less  com- 
mon disorders  such  as  hemorrhage  occurring  in  a  brain  tumor,  infection  or  a 
blood  dyscrasia  should  not  be  treated  by  this  method. 

The  rupture  of  an  aneurysm,  arteriovenous  malformation  or  any  cerebral 
x'essel  occurs  when  the  intraluminal  pi'essure  exceeds  the  maximum  pressure 
that  the  vascular  wall  can  withstand,  or  if  there  is  a  rupture  of  the  wall.  As  yet, 
there  is  no  means  of  increasing  the  strength  of  the  weakened  vascular  wall  to 
avoid  breakthrough  by  the  intravascular  tension.  However,  it  is  possible  to 
decrease  the  intraluminal  pressure  through  the  use  of  hypotensive  drugs  and 
thus  perhaps  reduce  the  chances  of  rupture.  This  method  of  avoiding  rupture 
depends  upon  "monitoring"  or  "titration"  of  the  blood  pressure  and  neurologic 
status  throughout  the  day.  The  lowering  of  the  blood  pressure  must  be  done 
with  care.  Induced  hypotension  without  such  caution  is  hazardous.  Just  as 
uncontrolled  high  blood  pressure  may  be  a  factor  in  causing  hemorrhage,  un- 
conti'olled  low  blood  pressure  may  cause  infarction. 

I'UUPOSE  OF  THE  THERAPY 

Hypotensive  therapy  in  the  type  of  cases  mentioned  above  has  three  objec- 
tives. I'irst,  to  prevent  recurrent  (and  perhaps  current)  hemorrhage  by  main- 
taining a  lower  blood  pressure*  in  the  region  of  the  circulatory  break.  Second, 
the  transitory  elevations  of  blood  pressure  that  occur  in  any  patient's  lifetime 
may  be  reduced  by  the  medications.  This  latter  is  emphasized  in  those  cases 
wherein  the  patient's  blood  pressure  range  before  bleeding  occurred  would  be 
considered  normotensive.  Recent  experimental  work  tends  to  suppoi't  this 

Frcjm  the  Depart iiieiit  of  Neurology,  The  Mount  iSiiuii  Hospital,  New  York,  N.  \' . 
Aided  by  U.S.P.H.S.  Grant  #3-B-9084. 

Reserpine  (Serpa.sil®),  Syrosingopine  (Sing((serp*)  and  Hydralazine  (Apresoline®) 
were  supplied  by  Ciba  Pharmaceutical  Products,  Inc.,  Summit,  N.  J.  Chlorothiazide 
(Diuril®)  was  supplied  by  Merck,  Sharpe  and  Dohme,  Inc.,  I'liiladolphia,  Pa. 

*  The  reduction  in  blood  jjressure  by  hyj)otensive  mcclicalion  usuallx  occurs  to  a  much 
greater  extent  in  the  systolic  phase  than  in  the  diastolic,  therefore,  often  producing  a 
pronounced  decrease  in  pulse  pressure.  Because  of  this  and  because  of  the  greater  difficult^' 
in  accurately  obtaining  diastolic  pressure,  this  studx'  has  been  concerned  mainly  with 
systolic;  readings. 
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concept  (1).  Assessiuciit  of  any  of  these  ohject  i\  ('>  itleally  would  involve  local 
pressui'e  measui'enients  e.speciall.y  at  the  base  of  the  brain;  however,  such  deter- 
minations cannot  yet  be  done.  The  available  e\'idence  for  reduction  of  blood 
pressure  without  reduction  in  cerebral  blood  flow,  and  reduction  in  blood  pressure 
with  reduction  in  cerebral  blood  flow  but  without  reduction  in  cerebral  metab- 
olism is  discussed  elsewhere  (2).  The  third  objective  of  this  treatment  is  to 
reduce  the  severity  of  symptoms,  especially  headache,  during  the  acute  stage  of 
hemorrhage.  This  objective  had  not  been  sought  initially  but  developed  during 
the  course  of  the  pilot  study  because  some  patients  seemed  to  have  had  less 
headache  during  the  induced  hypotension.  On  at  least  one  occasion,  this  change 
was  sudden  and  striking.  Treatment  with  opiates  in  combination  with  barbitu- 
rates has  at  times  failed  to  control  the  severe  headache.  Furthermore,  opiates 
may  induce  severe  constipation  and/or  nausea  with  the  possibility  of  recurrent 
hemorrhage  through  straining  at  stool  or  vomiting.  It  has  been  .said  that  intra- 
cranial pressure  may  be  increased  by  the  administration  of  opiates.  At  no  time 
thus  far  has  there  been  any  need  for  the  use  of  either  an  opiate  or  a  barbiturate 
in  ca.ses  treated  by  the  hypotensive  method.  Aspirin  (or  a  compound  containing 
it)  has  been  given  as  the  only  analgesic  and  the  patients  have  been  surprisingly 
comfortable. 

.METHOD 

The  following  techniciue  which  is  presently  u.sed  is  basically  the  same  as  that 
originally  used  (3)  but  with  improvements  brought  about  through  experience 
and  the  availability  of  newer  anti-hypertensive  agents.  As  before,  cases  are 
.selected  to  meet  two  conditions  (2).  First,  the  patient  must  be  able  to  communi- 
cate. This  requirement  is  needed  becau.se  the  treatment  is  based  upon  the  in- 
duction of  a  completely  reversible,  transitory  .state  of  cerebrovascular  insuffi- 
ciency. The  evaluation  of  this  change  depends  upon  such  parts  of  the  neurologic 
examination  as  orientation  and  perception  of  .specific  stimuli.  These  data  are 
unavailable  in  the  uncommunicative  patient.  In  the  latter  instance,  induced 
hypotension  cannot  be  .safely  ciuantitated  and  should  not  be  used.  For  these 
cases,  other  methods  of  treatment  possibly  hypothermia  must  be  sought.  Thus 
early  treatment  is  emphasized.  The  second  condition  is  simply  that  the  hemor- 
rhage not  be  due  to  trauma,  tumor,  infection  or  blood  dyscrasia.  The  problem 
of  the  hemorrhagic  infarct  will  be  discussed  later.  The  above  degree  of  selection 
is  less  restrictive  than  that  which  is  commonly  u.sed  by  surgeons  (4).  The  ex- 
perience of  the  author  suggests  that  the  mortality  of  a  comparable  group  treated 
by  bed  rest  and  .sedation  may  be  30  to  40  per  cent. 

As  .soon  as  the  diagnosis  of  intracranial  hemorrhage  is  confirmed  by  lumbar 
puncture,  studies  for  blood  dy.scrasia  are  initiated.  Cerebral  angiography  is 
performed  as  soon  as  feasible  so  as  to  obtain  as  much  information  as  possible. 
.After  angiography,  the  patient  is  returned  either  to  a  bed,  the  entire  length  of 
which  can  be  tilted  or,  preferably,  to  a  padded  tilt  table.  He  is  placed  in  the 
supine  position.  The  head  of  the  bed  or  tilt  table  is  then  elevated  at  lea.st  45 
degrees.  This  simple  maneuver  has  proven  to  be  an  effective  safety  mechani.sm 
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in  (he  ('\'(Mif  of  exccs.sive  iiuliiccd  liypotciisioii.  X'asoprcssor  drugs  to  counteract 
excessive  hypotension  should  he  avoidetl.  Instead,  lowering  of  the  head  of  the 
bed,  elevation  of  the  foot  of  the  bed  or  noxious  stimulation  have  sufficed  to 
alleviate  the  effects  of  the  anti-hypertensive  agents. 

Parenteral  pentoliniuni  is  administered  but,  if  possible,  limited  to  a  single 
dose.  Although  excellent  for  the  initial  phase  of  treatment,  contirmation  of  this 
drug  carries  with  it  the  necessity  of  counteracting  its  often  annoying  side  efTects. 
The  dose  is  small,  1.25  to  2.5  mg.  subcutaneously  or  intramuscularly.  Subse- 
(juently  the  patient  is  observed  for  a  change  in  neurological  status  from  the 
pre-treatment  "base  line"  (accepting  the  unavoidable  factor  of  spontaneous 
fluctuation).  The  systemic  blood  pressure  sometimes  begins  to  decrease  as  early 
as  five  to  ten  minutes  after  the  injection,  so  the  patient  must  be  observed  care- 
fully. As  the  pressure  decreases,  a  range  will  usually  be  reached  wherein  brain 
dysfunction  occurs.  Presumably  this  is  due  to  cerebrovascular  insufficiency.  It 
is  this  range  of  blood  pressure  which  is  taken  to  be  the  approximate  lower  limit 
("compensatory  mechanisms"  may  reduce  this  limit  subsequently).  Immediately, 
lowering  of  the  head  of  the  tilt  table  or  bed  is  begun  and  continued  until  the 
blood  pres.sure  has  risen  (usually  a  very  slight  reelevation  is  necessary)  and  the 
symptoms  of  cerebrovascular  insufficiency  have  completely  disappeared.  This 
blood  pressure  range,  usually  much  lower  than  the  pre-treatment  levels,  is  taken 
as  the  range  to  be  sought  by  other  anti-hypertensive  medication.  If  signs  of 
cerebrovascular  insufficiency  are  not  readily  encountered,  the  functions  of  the 
other  organ  systems  must  be  very  carefully  observed  especially  if  there  is  any 
past  history  of  dysfunction.  This  includes  measurement  of  intake  and  output  of 
fluids,  serial  blood  urea  nitrogen  determinations,  serum  electrolyte  and  hema- 
tocrit values,  electrocardiograms,  liver  function  tests,  examination  of  the  lungs 
for  hypostatic  or  aspiration  pneumonia  and  examination  of  stool  for  blood.  The 
etiology  of  any  antecedent  hypertension  is  investigated  and  such  causes  as 
coarctation  of  the  aorta,  Cushing's  syndrome,  primary  aldosteronism,  pheo- 
chromocytoma  and  pyelonephritis  are  ruled  out. 

Since  agitation  is  a  common  problem,  parenteral  reserpine  is  frequently  used, 
the  initial  dose  usually  being  about  0.3  mg.  When  using  this  agent,  its  side- 
effects  e.g.  signs  of  extra-pyramidal  dysfunction  or  an  increase  in  gastric  scretion 
must  be  considered.  The  latter  may  aggravate  gastrointestinal  ulceration  which 
sometimes  occurs  as  a  complication  in  patients  with  severe  brain  damage.  An 
antacid  should  be  prescribed  (if  necessary  by  stomach  tube)  even  if  reserpine  is 
not  used.  Stool  specimens  are  examined  periodically  for  the  presence  of  occult 
blood.  Parenteral  reserpine  is  later  replaced  by  oral  reserpine  (or  a  reserpine 
derivative).  When  it  is  given  orally,  this  drug  is  a  far  less  potent  hypotensive 
agent  than  it  is  parenterally.  In  general,  eventual  transfer  to  oral  medication  for 
an  indefinite  period  after  discharge  from  the  hospital  is  desired.  Oral  reserpine 
when  used  wdth  other  hypotensive  agents  augments  the  hypotensive  effects.  It 
may  also  provide  a  tranquilizing  effect.  The  dose  should  be  kept  to  a  minimum, 
occasionally  as  little  as  0.05  mg.  per  day  to  minimize  the  chance  for  psychic 
depression.  A  reserpine  derivative,  syrosingopine,  may  be  substituted  later  to 
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I'uitlu'i-  lessen  the  possible  occurrence  of  side  (>tTects.  The  regimen  inokide.s  the 
use  of  cliiorothiazide,  starting  with  125  to  250  nig,  and,  if  necessary,  hydrahizine 
may  be  added.  The  use  of  chlorothiazide  necessitates  observation  of  the  electro- 
lyte (especially  potassium)  l)alance  and  sometimes  even  the  addition  of  the 
\  itamin  B  complex  if  congesti\  e  heart  failure  is  also  present,  although  a  vitamin- 
mineral  combination  is  now  routinely  used.  Chlorothiazide  may  be  given  inter- 
mittently when  it  is  employed  as  a  diuretic.  However,  for  the  smoother  blood 
pressure  course  desired  in  the  treatment  of  intracranial  hemorrhage  it  is  pre- 
ferable to  give  it  every  day.  The  administration  of  hydralazine  is  sometimes 
followed  by  headache,  chest  pain  or  less  often  a  systemic  lupus  erythematosus- 
like  syndrome.  This  drug  also  is  begun  in  very  small  doses;  as  little  as  5  mg.  The 
use  of  anti-hypertensive  drug  combinations  reduces  individual  drug  side  effects. 
The  veratrum  group  of  anti-hypertensive  agents  has  been  avoided  because  of 
the  common  side  effects  of  nausea  and  vomiting  and  therefore  the  possibility  of 
recurrent  hemorrhage  through  straining.  The  patient's  diet  is  usually  full  be- 
cause hypotensive  agents  greatly  lessen  or  eliminate  the  need  for  salt  restriction. 

With  this  technic,  continuous  observation  of  the  patient  is  mandatory.  The 
degree  of  effectiveness  of  this  method  depends  upon  the  degree  to  which  careful 
observation  by  the  physician  is  carried  out.  (This  method  does  not  require  the 
use  of  any  special  or  complicated  apparatus.  It  could  conceivably  even  be  carried 
out  in  the  patient's  home  in  an  emergency).  During  the  most  acute  stage  of 
hemorrhage,  approximately  the  first  twenty-four  hours,  serial  examinations  of 
the  patient,  including  the  blood  pressure  (the  latter  as  often  as  every  three  or  five 
minutes)  are  nece.s.sarv*.  There  is  only  one  way  to  become  familiar  with  each 
patient's  blood  pressure  range,  its  response  to  the  medications,  the  side  effects 
of  the  medications  and  the  all  important  changing  neurological  status  of  the 
patient.  That  is  by  ob.servation  at  the  bedside,  because  there  is  a  great  deal  of 
individual  variation  in  all  of  these  factors.  There  is  great  difficulty  in  demarcating 
the  "most  critical  period"  e.g.  the  fir.st  week,  the  first  two  weeks,  the  second  and 
third  weeks,  et  cetera.  In  general,  the  longer  the  patient  survives,  the  better 
are  his  chances  to  keep  on  surviving.  However,  the  persistent  seriousness  of  the 
illness,  especially  in  the  earliest  stages  needs  re-emphasis.  Just  when  the  physician 
begins  to  feel  that  the  patient  is  getting  better  and  "doing  very  well",  a  fatal 
recurrent  hemorrhage  can  obliterate  previous  efforts.  Thus,  the  lowest  possible 
safe  blood  pressure  range  must  be  achieved  and  maintained,  especially  during 
the  earlier  periods  which  may  mean  the  first  three  weeks.  Beginning  with  the 
second  day  of  treatment,  a  nurse  must  be  present  constantly  with  specific  in- 
structions regarding  the  total  management  of  the  patient.  (If  results  justify 
more  widespread  application  of  this  method,  automatic  devices  for  regulating 
the  elevation  of  the  bed  as  indicated  by  blood  pressure  changes  might  be  con- 
sidered). The  use  of  mimeographed  sheets  has  consolidated  many  of  the  im- 
portant data. 

*  For  the  purpo.se  of  develoijiiin  this  method,  it  lias  l)eeii  necessary  for  the  author  to 
remain  with  these  patients  throughout  the  period  described.  However,  after  the  first  two 
days,  coordination  of  work  with  the  neurologic  house  statT  would  make  the  management  of 
these  cases  just  as  feasible  as  the  management  of  any  other  critically  ill  patients. 
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()\(M- a  period  of  several  weeks,  I  lie  pjitieiil  is  <2;ra(lu;illy  tiiuhiihited.  Any  inolor 
disability  se(U)ndary  to  the  hemorrhage  may  be  managed  by  the  usual  rehabili- 
tative methods.  The  dosage  of  hypotensive  agents  changes  as  the  patient  ambu- 
lates progressively  and  thus  the  regimen  with  which  he  goes  home  may  be  quite 
dil't'ereut  from  the  earher  ones.  It  is  preferable  to  administer  the  heavier  dose  of 
anti-hypertensives  at  bedtime  since  the  increase  in  blood  pressure  due  to  the 
reclining  position  is  usually  greater  than  the  decrease  in  blood  pressure  due  to 
sleeping.  In  addition,  the  decrease  in  diurnal  dosage  reduces  the  likelihood  of 
symptoms  of  excessive  hypotension  during  the  more  often  erect  postures  of 
daytime. 

After  discharge,  the  patient  is  followed  periodically.  As  a  result  of  a  great 
many  observations  of  blood  pressure  changes  and  correlation  with  the  occurrence 
of  symptoms  and  signs,  the  patient  is  given  very  few  "rules"  to  observe.  He  is 
to  avoid  lying  fiat.  This  mild  restriction  has  sometimes  reduced  to  a  surprising 
degree  the  amount  of  medication  needed.  The  patient  is  to  avoid  bending  the 
head  far  forward  or  far  backward  because  this  maneuver  has  been  associated 
with  unpleasant  symptoms  in  several  patients.  Enemas  are  contraindicated 
because  sudden  reductions  in  blood  pressure  (30  to  40  mm.)  have  been  observed 
dui'ing  either  a  rectal  examination  or  an  enema  when  hypotensive  drugs  are 
administered.  The  patient  is  observed  during  such  procedures  as  barium  enemas. 
Other  procedures  such  as  dental  ones,  may  require  the  use  of  local  anesthetics 
without  epinephrine.  Alteration  of  environmental  pressure  such  as  air  travel,  is 
avoided  until  more  data  become  availal)le  from  the  study  of  a  large  series  of 
patients. 

DISCUSSION 

It  has  been  emphasized  that  the  primary  goal  of  this  treatment  is  to  prevent 
recurrent  hemorrhage.  The  precise  mechanisms  involved  are  yet  to  be  assessed. 
Prevention  of  hemorrhage  might  be  achie\'ed  simply  by  indefinitely  preventing 
the  occurrence  of  an  intraluminal  pressure  high  enough  to  break  the  vascular 
wall,  in  which  case  it  would  not  be  necessary  to  "cure"  the  underlying  patho- 
logical cause  itself.  Even  total  surgical  obliteration  of  an  aneurysm  may  not 
correct  the  basic  defect  in  the  wall  of  the  artery  at  the  site  of  origin  of  the  aneu- 
rysm. Insulin  does  not  "cure"  diabetes  nor  does  digitalis  "cure"  congestive  heart 
failure.  Withdraw  such  drugs  and  the  patient  may  become  seriously  ill;  continue 
them,  and  a  normal  or  near  normal  life  is  usually  possible.  In  a  like  manner, 
hypotensive  agents  may  be  continued  indefinitely  for  the  prevention  of  recurrent 
intracranial  hemorrhage.  On  the  other  hand,  if  an  occasional  aneurysm  is  ap- 
parently "sealed  off"  during  the  hypotensive  procedure,  so  much  the  better. 
Some  aneury.sms,  originally  demonstrated  angiographically  will,  without  surgery, 
no  longer  fill  on  repeated  angiographic  study  performed  years  later  (5).  However, 
angiography  can  be  falsely  negative  whether  medical,  surgical  or  no  treatment 
has  been  used.  Angiographic  studies  are  now  being  repeated  in  patients  with 
previously  demonstrated  aneurysms  who  have  been  treated  with  hypotensive 
medications  continuously  for  more  than  three  years.  One  of  these  follow  up 
examinations  disclosed  an  aneurysm  which  looked  the  same  as  it  had  on  the 
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(iii<;iiial  niijiiogiain  peil'ormiHl  more  tliaii  three  j'ear.s  previously.  The  patient 
has  had  cont  iiuious  hypotensive  therapy.  Her  recovery  has  been  complete  and 
she  has  had  no  recurrent  hemorrhage  in  more  than  three  years.  She  will  there- 
fore continue  with  her  treatment  indefinitely  with  the  hope  that  there  will  be 
no  recurrence  of  bleeding.  This  is  the  procedure  recommended  for  all  these 
patients  regardless  of  the  results  of  follow-up  angiography. 

In  monitored  hypotension  the  selection  used  is  less  restrictive  than  that 
usually  employed  by  surgical  methods.  In  hypotensive  therapy  there  is  no 
restriction  with  regard  to  age,  location  of  aneurysm  or  adequacy  of  cross-circu- 
lation. There  is  no  limitation  of  cases  through  the  delaying  of  treatment  for  any 
specific  length  of  time,  i.e.,  the  cases  are  treated  as  early  as  possible.  This  is  the 
most  difficult  and  most  important  period  of  all.  Although  this  is  the  time  wherein 
treatment  is  most  urgently  needed  since  it  is  when  the  mortality  is  highest,  this 
is  also  the  time  when  surgeons  often  (and  perhaps  rightfully)  believe  that  the 
presence  of  the  edema-swollen  hemorrhagic  brain  constitutes  the  poorest  surgical 
risk  and  yields  the  poorest  surgical  results.  Therefore,  they  frequently  will  defer 
operation.  As  recently  as  July,  1958,  this  opinion  has  been  once  again  stated  (and 
by  a  surgeon):  "it  is  a  well  known  fact  that  an  operation  at  an  early  stage  is 
considerably  more  dangerous  than  if  performed  later  after  the  acute  signs  and 
symptoms  of  bleeding  have  subsided"  (6).  This  very  situation  of  edema  and 
hemorrhage  may  make  the  brain,  perhaps  through  an  increase  in  cerebrovascular 
resistance,  the  organ  most  sensitive  to  a  decrease  in  systemic  blood  pressure 
even  if  it  is  suggested  that  it  had  not  been  so  before  the  hemorrhage.  Therefore 
it  would  be  the  organ  most  likely  to  give  the  earliest  warning,  through  neurologic 
monitoring,  of  readily  correctable  excessive  induced  hj^poteiision. 

The  present  technique  thus  far  has  been  utilized  only  in  cases  of  aneurysm 
with  bleeding.  Its  application  in  cases  of  unruptured  aneurysm  or  arteriovenous 
anomaly  in  which  the  clinical  problem  concerns  dysfunction  secondary  to  a 
non-hemorrhagic  (i.e.  not  extravasated)  mass  has  not  yet  been  explored.  This 
requires  a  separate  therapeutic  investigation.  With  regard  to  the  cases  of  hemor- 
rhage, if  some  form  of  this  or  other  medical  therapy  is  by  itself  effective,  all  well 
and  good.  If  not,  and  with  regard  specifically  to  cases  of  aneurysm,  it  is  not 
inconceivable  that  hypotensive  therapy  be  used  initially  i.e.  in  the  acute  stage, 
when  surgical  mortality  is  prohibitively  high.  Later,  after  recovery  from  the 
acute  phase  the  patient  might  be  a  candidate  for  surgery.  The  not  uncommon 
problem  of  multiple  aneurysms  as  well  as  that  of  less  accessible  aneurysms  e.g. 
those  occurring  in  the  posterior  part  of  the  Circle  of  Willis,  present  additional 
obstacles  to  surgical  methods  of  treatment  but  have  no  effect  on  the  application 
of  the  hypotensive  method.  Occasionally  with  a  patient  who  has  a  subarachnoid 
hemorrhage,  one  can  not  only  demonstrate  an  aneurysm;  one  can  also  bring  out  a 
state  of  cerebrovascular  insufficiency.  The  latter  may  be  due  to  an  associated 
anomaly  of  the  Circle  of  Willis  and/or  postural  hypotension.  This  state  of  cerebro- 
vascular insufficiency  can  be  diagnosed  by  careful  observation  and  can  be  in- 
corporated into  the  hypotensive  therapy  of  the  patient's  subarachnoid  hemor- 
rhage. Some  untreated  patients  survdve  subarachnoid  hemorrhage  and  at  least 
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some  (if  tliosc  patients  liaxc  dcinoiist  i  alilc  (•('lehroNascular  insiiliicicncy.  Whether 
oi'  not  the  insufficiency  (provided  it  is  not  excessive)  has  al'lnided  piotecl ion  in 
these  cases  remains  to  be  assessed. 

Wliere  no  aneurysm  can  be  demonstrated,  the  piohlein  of  (htTerentiatinfj;  a 
hemorrhagic  infarction  from  other  causes  of  hemorrhagic  cerebrospinal  fluid  is 
important.  This  can  be  (Ufficult  even  at  the  post-mortem  table  and  may  be 
impossible  clinically  in  certain  instances.  This  is  especially  true  when  there  is 
hemorrhagic  cerebrospinal  fluid  without  an  apparent  source  of  embolization.  In 
such  a  situation,  consistent  noii-iilling  of  a  blood  vessel  on  cerebral  angiography 
may  suggest  a  total  occlusion  of  that  vessel.  Although  this  may  sometimes  be 
merely  an  artifact  (due  to  technical  difficulty),  it  should  be  remembered  that  an 
anomalously  narrow  vessel  may  not  fill  and  thus  appear  angiographically  similar 
to  an  occluded  blood  vessel.  The  exact  significance  of  the  anomalous  cerebral 
blood  vessel  with  regard  to  cerebral  infarction  and/or  hemorhage  is  still  under 
investigation  (2).  Hemorrhagic  infarction  may  be  an  occasional  obstacle  not 
only  to  hypotensive  treatment  of  intracranial  hemorrhage  but  also  to  anticoagu- 
lant treatment  of  intracranial  occlusive  disease.  The  latter  treatment  should  be 
used  only  when  the  cerebrospinal  fluid  is  non-hemorrhagic,  but  absence  of  blood 
in  the  cerebro-spinal  fluid  does  not  exclude  hemorrhagic  infarction  or  even 
intracerebral  hemorrhage.  The  clinico-pathologic  aspects  of  the  hemorrhagic 
infarct  include  part  of  the  features  of  each  of  these  two  cerebrovascular  disease 
groups.  Apropos  of  this  discussion,  there  are  cases  in  which  the  cerebro-spinal 
fluid  is  hemorrhagic  but  complete  angiographic  study  is  "negative".  It  is  some- 
times stated  that  the  prognosis  in  such  instances  is  better  than  it  would  have 
been  if,  for  example,  an  aneurysm  had  been  demonstrated.  First,  this  statement 
needs  verification.  Second,  some  of  these  cases  might  be  examples  of  hemorrhagic 
infarction.  Not  much  is  known  about  the  prognosis  of  this  type  of  hemorrhagic 
infarct,  and  at  present,  a  patient  with  a  hemorrhagic  infarct  might  best  be  left 
alone.  Data  on  hemorrhagic  infarction  are  being  collected  (7). 

An  interesting  observation  concerns  one  of  the  patients  (treated  earlier  in  the 
study)  during  the  "wearing  off"  of  a  hypotensive  drug.  The  patient,  while  the 
blood  pressure  was  kept  low,  had  no  complaints  and  was  responsive.  The  hypo- 
tensive medication  was  withdrawn,  permitting  the  blood  pressure  to  rise.  It  did 
so  in  a  progressive  fashion;  ultimately  the  patient  complained  of  a  severe  head- 
ache and  became  unresponsive.  Lumbar  puncture  was  repeated  and  revealed  a 
recurrent  hemorrhage.  This  finding  is  emphasized  because  it  is  sometimes  said 
that  the  headache  always  precedes  the  rise  in  blood  pressure  and  that  the  elevated 
blood  pressure  is  necessary  and  compensatory. 

Some  of  the  treated  cases  of  hemorrhage  occurred  during  the  menopause.  It 
should  be  noted  that  some  of  the  symptoms  of  excessively  induced  hypotension 
used  in  therapy  are  difficult  to  distinguish  from  those  of  the  menopause  per  se. 
Regulation  of  the  hypotensive  medications  during  the  menopause  might  be 
somewhat  confusing  if  one  were  to  depend  on  symptoms  only.  The  data  of  some 
workers  suggest  that  subarachnoid  hemorrhage  affects  females  more  than  males 
(8).  One  might  be  tempted  to  correlate  an  excessive  incidence  in  women  with 
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additional  strofis  put  upon  the  ccrchral  circulation  hy  changes  occurring;;  during 
llic  nuMiopause  (and  perhaps  the  menses). 

CONCLUSIONS 

The  ^'alue  of  hypotensive  agents  in  these  cases  must  be  considered  according 
to  whether  the  patient  is  in  the  acute  "bleeding"  phase  or  the  more  chronic 
phase.  It  is  not  always  easy  to  separate  these  two  phases.  Treatment  should  be 
directed  primarily  toward  prophylaxis  in  l)oth  instances.  From  the  available 
data,  the  impression  thus  far  is  that  hypotensi\-e  therapy  is  of  value  in  the  treat- 
ment of  acute  .subarachnoid  hemorrhage  due  to  rupture  of  an  aneurysm.  This 
represents  the  largest  single  group  of  ca.ses  of  intracranial  hemorrhage  treated 
by  this  method.  It  is  re-emphasized  that  this  acute  "bleeding"  phase  is  the  one 
most  often  avoided  when  surgical  methods  are  attempted.  Yet  this  period,  the 
first  few  weeks  after  hemorrhage,  is  the  one  of  greatest  mortality  whether  bed 
rest  and  sedation  or  surgery  is  used.  However,  this  most  dangerous  period  is 
deliberately  sought  for  the  type  of  hypotensive  therapy  outlined  above.  There 
is  also  to  be  considered  the  significant  group  of  cases  that  are  inoperable  but  can 
be  treated  by  hypotensive  therapy  in  both  the  acute  and  the  more  chronic 
phases.  It  is  too  early  as  yet  to  compare  long  term  results  of  this  and  other 
methods  of  treatment.  The  regimen  has  been  used  for  only  three  years.  It  is 
noted  that  neither  the  available  medical  noi  surgical  methods  have  been  .suffi- 
ciently effective  to  guarantee  against  eventual  recurrence. 

With  regard  to  the  safety  of  hypotensive  agents  in  these  cases,  when  carefully 
used,  they  can  be  very  helpful  and  are  not  dangerous.  In  fact,  they  ha^■e  a  very 
wide  margin  of  safety.  The  side  effects  of  the  medications  are  usually  very  mild 
and  are  the  same  as  those  encoinitered  in  the  treatment  of  essential  hypertension. 
They  are  minimized  or  eliminated  by  careful  adjustment  of  dosage. 

St^TMM.iKY 

A  description  of  a  method  of  management  of  acute  subarachnoid  and  or 
cerebral  hemorrhage  by  monitored  hypotension  is  presented.  Significantly,  the 
only  special  apparatus  used  is  a  tilt  table  and  even  this  may  be  omitted.  A  very 
long-term  follow-up,  probably  many  years,  will  be  required  to  assess  the  value 
of  any  form  of  treatment,  medical  or  surgical,  of  this  group  of  cerebrovascular 
diseases.  Although  almost  all  of  the  patients  treated  have  thus  far  survived  and 
are  fully  active,  the  number  of  cases  treated  is  still  too  small  for  statistical 
evaluation  and  the  follow-up  period  (more  than  three  years)  is  still  too  short  to 
permit  any  definite  conclusions. 
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ANTEPARTUM  FETAL  DEATH  DURING  ANTICOAGULANT 
THERAPY  FOR  THROMBOEMBOLISM 


Report  of  Three  Cases 

WILLIAM  A.  EPSTEIN,  M.D. 

New  York,  A'. 

The  treatment  of  thromlxjphlebitis  and  thromboemboli^;ni  with  anticoagulant 
drugs  in  the  nonpregnant  patient  has  become  routine  practice.  Their  use,  how- 
ever, during  pregnancy  has  been  of  recent  origin;  the  first  report  having  appeared 
in  1945  (1).  Subsequent  reports  (2,  3)  of  larger  series  indicate  increasingly  fre- 
quent use  of  these  drugs  in  pregnancies  complicated  by  thrombophlebitis  and 
pulmonary  embolism. 

Employing  anticoagulants  in  the  prenatal  period,  however,  is  not  without 
danger  to  the  fetus.  The  increasing  number  of  reports  (3,  4)  of  fetal  death  from 
hemorrhage  resulting  frf)m  fetal  coagulation  deficiencies,  both  in  utero  and  in 
the  early  neonatal  period  serve  to  emphasize  the  deleterious  effect  upon  the 
fetus.  Attention,  therefore,  has  been  focused  on  evaluating  the  various  anti- 
coagulant deri^•ati^•es  and  especially  their  effects  on  the  viable  fetus. 

This  report  adds  to  the  literature  three  cases  of  antepartum  fetal  death  associ- 
ated with  the  use  of  Coumadin®  in  the  treatment  of  antepartum  pulmonary 
embolism.  All  three  patients  were  in  the  27th  to  30th  weeks  of  pregnancy  at  the 
time  of  hospitalization.  Since  long  term  anticoagulant  therapy  was  anticipated 
and  two  of  the  patients  were  to  continue  treatment  at  home,  the  use  of  Cou- 
madin- rather  than  heparin  seemed  more  practical.  Prothrombin  time  was 
determined  regularly  by  reputable  laboratories  and  the  dose  of  Coumadin®  was 
prescribed  accordingly.  Nevertheless,  all  three  fetuses  died  in  utero  before  the 
onset  of  labor. 

CASE  REPORTS 

Cose  f^l 

A.  P.,  a  30  year  old  white  woman,  was  a  para  0-1-0-0  whose  expected  date  of  delivery  was 
11/7/57.  Her  first  pregnancy,  in  1955,  was  complicated  by  pre-eclampsia  and  she  delivered 
a  premature,  macerated  fetus  at  26  weeks.  Her  past  history  otherwise  was  negative.  Sub- 
acute lupus  erytliematosis  disseminata  was  first  diagnosed  during  this  pregnancy  and  she 
was  treated  with  15  mgm.  daily  of  meticorten.  Because  of  chest  pain  during  the  27th  week 
of  her  pregnancy,  she  was  admitted  to  another  hospital  where  the  diagnosis  of  deep  thrombo- 
phlebitis of  the  leg  and  pulmonary  embolism  was  made.  Coumadin®  therapy  was  begun 
and  the  prothrombin  time  was  maintained  at  approximately  twice  the  control  level.  The 
patient  was  discharged  from  the  hospital  under  the  care  of  a  medical  consultant  and 
Coumadin®  therapy  was  regulated  according  to  the  prothrombin  determinations.  She  was 
given  100  mgm.  of  Coumadin*  intramuscularly  every  six  daj's.  The  last  dose  was  adminis- 
tered on  8/28/59.  The  patient  was  admitted  to  The  Mount  Sinai  Hospital  on  8/30/58  in 
early  labor.  She  was  31  weeks  pregnant,  had  not  felt  fetal  movements  for  several  days  and 
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no  fetal  heart  was  heard  on  lulniis.sion.  After  :i  10  limir  lahor,  she  was  delivered  of  a  macer- 
ated immature  870  gram  infant,  ('oumadin®  therapy,  5  to  10  mgm.  daily,  was  continued 
throughout  labor  and  for  several  weeks  postpartum  without  any  coagulation  defects  in  the 
mother.  Because  of  the  maceration,  the  autopsy  examination  of  the  fettis  did  not  reveal 
evidence  of  hemorrhage. 

Case  ^2 

A.  E.,  a  27  year  old  white  female  was  delivered  of  a  normal  child  in  19.55  and  a  premature 
infant  that  died  in  12  hours  in  1957.  Otherwise  her  past  history  and  routine  laboratory 
findings  were  normal.  On  6/13/58  she  had  chills  and  fever  with  pain  in  the  chest  and  right 
thigh.  Her  physician  made  a  diagnosis  of  chest  involvement,  possibly  a  pulmonary  em- 
bolism. On  6/l(V58  she  was  admitted  to  the  Obstetrical  Service  at  The  Mount  Sinai  Hospital 
where  the  diagnosis  of  pulmonary  embolism  secondary  to  a  deep  thrombophlebitis  of  the 
thigh  was  established.  Coumadin®  therapy  was  instituted  and  a  maintenance  dose  was 
given  which  kejit  the  prothrombin  time  at  about  twicethe  control.  At  no  time  in  the  hospital 
did  the  patient's  prothrombin  time  exceed  22  seconds.  The  fetal  heart  was  heard  daily 
throughout  her  hospital  stay  and  the  uterus  was  the  size  expected  of  a  30  week  gestation. 
The  patient  improved  and  was  discharged  on  6/29/58  under  the  care  of  the  medical  con- 
sultant. Her  prothrombin  time  was  determined  regularly  at  a  reputable  laboratory  and  the 
Coumadin®  dosage  was  regulated  accordingly.  The  average  daily  dose  was  10  to  15  mgm. 
On  7/17/58  examination  revealed  a  growing  uterus  and  good  fetal  heart  sounds.  Her  pro- 
thrombin time  was  26  seconds  and  the  control  was  14  seconds.  Examination  on  7/24/58 
revealed  no  fetal  heart  sounds  and  the  patient  had  felt  no  fetal  movements  for  several 
days.  On  8/12/58  the  patient  was  delivered  of  a  2380  gram  macerated  fetus.  Coumadin® 
was  discontinued  during  labor  but  given  again  for  several  weeks  postpartum.  There  were  no 
coagulation  defects  in  the  mother.  Autopsy  examination  of  the  fetus  showed  no  hemorrhagic 
accidents.  There  was  marked  maceration  of  the  fetus  making  positive  pathological  diag- 
nosis difficult. 

Case  ^5 

A  22  year  old  Puerto  Rican  woman,  para  4-0-0-4,  was  admitted  to  the  Obstetrical  Service 
on  6/24/58.  Her  past  history  and  routine  laboratory  findings  were  normal.  She  was  ad- 
mitted at  27  weeks  gestation  because  of  chest  pain  diagnosed  as  pulmonary  embolism 
secondary  to  a  deep  thrombophlebitis.  The  fetal  heart  sounds  were  good.  A  medical  con- 
sultant advised  heparin,  7.5  mgm.  intramuscularly  every  4  hours  until  desired  prothrombin 
time  values  were  established,  then  Coumadin®,  (30  mgm.  initially  and  5  to  15  mgm.  daily 
depending  on  the  prothrombin  levels.  These  were  maintained  at  approximately  twice  the 
control  time. 

In  spite  of  adequate  Coumadin'"'  therapy,  the  patient  complained  of  repeated  attacks  of 
chest  pain  that  were  thought  to  be  repeated  embolizations,  but  the  exact  diagnosis  could 
not  be  established.  Because  of  this  it  was  decided  to  keep  the  patient  in  the  hospital  under 
careful  supervision  and  labor  was  to  be  induced  when  the  fetus  appeared  large  enough. 

The  average  daily  dose  of  Coumadin®  was  about  7.5  mgm.;  the  lowest  was  2.5  mgm., 
and  the  highest  was  15  mgm.  The  average  prothrombin  time  was  about  24  to  30  seconds 
with  two  readings  at  34  seconds  and  one  at  41  seconds  on  7/5/58.  The  average  control  time 
was  about  12.5  seconds. 

The  fetal  heart  sounds  were  present  throughout  her  long  hospital  stay  until  8/3/59 
when  they  were  no  longer  heard.  There  were  no  fetal  movements.  Labor  was  induced  on 
8/6/58,  at  33  weeks  gestation,  and  she  was  delivered  of  an  1860  gram  severely  macerated 
fetus.  Coumadin®  was  continued  throughout  labor  and  the  postpartum  period  without 
coagulation  defects  in  the  mother.  Autopsy  of  the  macerated  fetus  failed  to  show  any  evi- 
dence of  hemorrhagic  accidents. 
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DISCUSSION 

All  three  patients  were  about  27  to  30  weeks  pregnant  when  they  were  hos- 
pitalized because  of  leg  and  chest  pains  due  to  thrombophl(>bitis  and  pulmonary 
embolism.  Ivich  patient  was  receiving  good  medical  supcixisioii  and  the  anti- 
coagulation therapy  was  carefully  controlled.  In  case  ^  1  the  patient  received 
100  mgm.  of  Coumadin®  intramuscularly  e\-ery  six  days,  but  the  other  two 
patients  received  the  more  con\  ('nti()iial  daily  dose  of  5  to  15  mgm.  In  none  of 
the  patients  did  the  prothrombin  time  ever  reach  unusually  high  levels;  the 
average  time  was  about  25  to  30  seconds  with  occasional  readings  of  35  seconds. 
The  average  levels  were  maintained  at  approximately  twice  the  control  time. 

Quenneville  et  al.  (5),  in  a  recent  paper  on  this  subject,  suggest  that  the 
Coumadin®  derivatives  can  be  used  over  long  periods  without  harm  to  the  fetus 
if  the  prothrombin  time  is  kept  below  35  seconds.  In  our  cases  the  levels  were 
well  below  this  upper  limit  and  yet  the  three  fetuses  died  in  utero.  The  average 
time  that  elapsed  between  the  start  of  Coumadin®  therapy  and  fetal  death  was 
about  five  weeks. 

Because  of  suspected  repeated  pulmonary  embolization  the  third  case  was  kept 
in  the  hospital  until  she  was  delivered.  Heparin,  which  has  a  molecular  weight  of 
20,000  does  not  pass  the  placental  barrier.  Drugs  like  C'oumadin*,  however, 
which  have  a  molecular  weight  of  less  than  1,000  apparently  enter  the  fetal 
circulation.  Heparin,  therefore  could  have  feasibly  been  used  with  less  danger 
to  the  fetus. 

Although  the  pathological  examination  of  the  macerated  fetuses  failed  to 
show  any  hemorrhagic  complications,  the  fetal  loss  associated  with  Coumadin® 
therapy  suggests  a  cause-effect  relationship,  rather  than  a  coincidental,  unrelated 
finding. 

SUMMARY 

A.  Three  cases  of  pregnancy  complicated  by  antepartum  thrombophlebitis 
and  pulmonary  embolism  are  presented.  All  of  the  patients  were  treated  with 
Coumadin®,  and  all  of  the  pregnancies  terminated  with  antepartum  fetal  death. 

B.  The  fetuses  died  in  utero  before  labor  about  five  weeks  after  the  institution 
of  anticoagulant  therapy. 

c.  Although  the  fetuses  were  dead  the  three  mothers  showed  no  evidence  of 
unusual  coagulation  defects  beyond  those  attributable  to  the  anticoagulation 
therapy.  There  was  no  evidence  of  hypofibrinogenemia  in  the  three  mothers. 

D.  At  no  time  were  the  prothrombin  levels  excessive.  The  average  prothrombin 
time  was  well  below  35  seconds  which  was  about  twice  the  control  time. 

E.  The  three  patients  were  hospitalized  during  the  27th  to  30th  weeks  of 
gestation.  Good  fetal  heart  sounds  were  heard  when  Coumadin®  therapy  was 
instituted. 

F.  Although  no  evidence  of  hemorrhagic  accidents  was  found  in  the  three 
macerated  fetuses  at  autopsy,  it  is  believed  that  the  intrauterine  fetal  deaths 
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associated  with  ( "ouniadin "  tli('i'ai)y  ai'c  iiuirc  than  coiiicidciil al ,  and  that  a 
causc-crtcct  rclat  ionship  is  strongly  suggested. 
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AN  EVALUATION  OF  THE  SURGICAL  TREATMENT  OF  CARCINOMA 
OF  Tlir:  PERIAMPULLARY  REGION 


josi-:  j,  terz,  m.d. 
ji;h()MI<]  vv.  canter,  m.d.* 

AND 

IVAN  D.  BARONOFSKY,  M.D. 
New  York,  N .Y . 

In  spite  of  the  fact  that  carcinoma  of  the  i)('iiani{)ullary  n'<j;ioii  has  been  a 
well  recognized  clinical  and  pathological  entity  for  more  than  a  century,  at- 
tempts at  definiti\'e  treatment  ha\'e  been  accompanied  by  controversy  and 
skepticism.  Beginning  in  1935  with  Whipple's  epoch-making  proposal  of  radical 
resection  (1),  the  pendulum  of  thought  has  swung  back  and  forth  between  an 
aggressive,  optimistic  approach  and  a  conservative,  pessimistic  outlook  toward 
cancer  in  this  region. 

In  recent  years  palliative  operations  have  been  the  choice  of  some  surgeons. 
The  primary  reason  is  the  high  operative  mortality  attendant  upon  the  Whipple 
or  similar  procedures.  However,  the  results  of  radical  pancreatoduodenectomy 
reported  within  the  past  few  years  and  the  sporadic  reports  of  long  term  sur\'i\'al 
following  resection  for  pancreatic  carcinoma,  call  for  a  re-evaluation  of  the 
prevailing  attitude.  Accordingly,  a  review  of  the  experience  from  1951  to  1957 
on  the  ward  service  of  The  Mount  Sinai  Hospital  has  been  made  and  is  reported 
here. 

MATERIAL 

During  this  period,  60  patients  with  carcinoma  of  the  perianiipullary  region 
were  operated  upon.  These  include  all  patients  with  carcinoma  originating  in  the 
region  of  the  distal  common  duct,  i.e.,  ampulla  of  Vater,  head  of  the  pancreas 
and  common  bile  duct.  Radical  resection  was  performed  in  six  patients.  The 
remaining  54  were  treated  by  some  type  of  palliative  procedure.  Patients  who 
had  an  exploratory  laparotomy  only  are  not  included  in  this  report. 

In  the  group  of  patients  subjected  to  radical  resection,  four  had  a  Whipple 
type  of  procedure  and  two  had  total  pancreatoduodenectomy.  l''our  deaths  oc- 
curred in  the  postoperative  period  between  the  first  and  the  fourteenth  day; 
two  of  these  were  in  patients  who  had  total  pancreatectomy.  Two  patients  who 
left  the  hospital  died  eight,  and  20  months  later  with  widespread  metastases 
(Table  I). 

Palliative  surgery  in  the  form  of  side-tracking  operations  was  performed  in 
the  remaining  54  patients,  without  attempting  to  extirpate  the  tumor.  The 
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TABLE  I 


Results  of  Radical  Resection 


Patient's  Age 

Procedure 

Result 

Cause  of  Death 

72 

Total  Pancreatectomy 

Died,  14th  P.O.  Day 

Shock 

77 

Total  Pancreatectomy 

Died,  1st  P.O.  Day 

Myocardial  infarction 

53 

Whipple 

Died,  8  months  post-op. 

Carcinomatosis 

65 

Whipple 

Died,  10th  P.O.  Day 

Ma.ssive  GI  bleeding 

58 

Whipple 

Died,  26  months  post-op. 

Carcinomatosis 

53 

Whipple 

Died,  14th  P.O.  Day 

Pulmonary  edema 

TABLE  II 

Results  of  Various  Fnlliative  Procedures* 


Procedure 

Immediate 
Post-op. 
Deaths 

Number 
Followed 

Avg.  Length  of  Survival 
(Months) 

Cholecystogastrostomy  

4 

18 

8.7 

Cholecystojejunostomy  

2 

9 

5 

Cholecystojejunostomy  (Roux-en-Y)  

0 

6 

5 

Cholecystoduodenostomy  

1 

1 

7 

Choledochoduodenostomy  

0 

3 

7.5 

Choledochojejiinostomv  

0 

2 

12 

Totals  

7 

39 

7  (Avg.  survival) 

*  8  patients  were  lost  to  follow-up. 


various  procedures  included  27  cholecystogastrostomies,  12  cholecystojejunos- 
tomies,  six  cholecystojejunostomies  Roux-en-Y,  two  cholecystoduodenostomies, 
four  choledochoduodenostomies,  two  choledochojejunostomies  and  one  choledo- 
costomy.  Seven  patients  (12.9  per  cent)  died  in  the  immediate  postoperative 
period.  Eight  additional  patients  were  lost  to  follow-up,  leaving  39  patients 
available  for  this  study.  The  range  of  survival  in  the  last  group  was  between  one 
and  36  months,  with  an  average  of  seven  months.  Only  five  patients  lived  one 
year  or  more.  Conversely,  86  per  cent  of  those  who  survived  operation  were  dead 
within  a  year.  The  type  of  by-pass  did  not  influence  the  operative  mortality, 
nor  the  duration  of  survival  (Table  II). 

These  results  with  palliative  surgery  in  cancer  of  the  periampullary  region 
confirm  the  expected  dismal  outlook,  and  are  similar  to  those  reported  elsewhere 
in  the  literature  (2-7). 

DISCUSSION 

It  is  evident  that  the  practice  at  The  Mount  Sinai  Hospital  has  been  to  at- 
tempt resection  in  only  a  small  number  of  the  cases.  However,  in  the  hands  of 
those  with  extensive  experience  the  mortality  attendant  upon  radical  pan- 
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creatodiiodciicctomy  does  not  differ  markedly  t'loin  that  of  a  bypass  procedure. 
Moreover,  the  (hiiatioii  of  survival  has  Ix'eu  icporteti  to  be  greater  after  re- 
section (2,  5,  0). 

Cattell  (8)  reported  a  mortality  of  12.9  per  cent  in  102  pancreatoduodenal 
resections;  his  mortality  for  carcinoma  of  the  ampulla  was  (>.()  per  cent  and  17.3 
per  cent  for  carcinoma  of  the  head  of  the  pancreas.  Waugh  (9)  had  17  deaths 
in  85  resected  cases  (20  per  cent)  with  a  mortality  of  4.2  per  cent  and  26.2 
per  cent  for  carcinoma  of  the  ampulla  and  head  of  the  pancreas,  respectively. 
It  should  be  mentioned  that  his  mortality  of  22.5  per  cent  from  1941  to  1947 
was  reduced  to  17.5  per  cent  in  the  period  194!)  to  1952.  Smith  (10),  in  his  series 
of  34  pancreatoduodenectomies,  reported  a  mortality  of  8.7  per  cent.  All  deaths 
were  in  patients  with  carcinoma  of  the  head  of  the  pancreas,  and  there  were  no 
deaths  in  25  instances  of  resection  of  carcinoma  of  the  ampulla.  Rhoads  (11)  has 
recently  reported  four  deaths  in  25  resections  (16  per  cent)  for  ampullary  car- 
cinoma. These  figures  represent  a  marked  reduction  in  the  mortality  over  the 
early  reports  for  pancreatoduodenectomy  (1-3,  5,  12-16)  which  ranged  between 
30  and  35  per  cent.  Mortality  in  the  older  patients  is  only  slightly  higher.  Moore 
(5)  performed  11  resections  in  people  between  70  and  84  years  of  age  with  four 
deaths  (36  per  cent) 

In  one  series,  follow-up  of  patients  who  survived  resectional  surgery  disclosed 
a  five-year  survi\'al  of  15.8  per  cent  for  carcinoma  of  the  head  of  the  pancreas 
and  38.4  per  cent  for  carcinoma  of  the  ampulla  (9).  Cattell  (8)  has  reported  a 
five-year  sur\'i\'al  of  11  per  cent  and  30  per  cent,  respectively,  for  these  two 
lesions.  Rhoads  had  six  five-year  survivors  among  17  cases  available  for  study 
(29  per  cent).  Noteworthy  are  the  results  gi\-en  by  Smith,  who  reported  50  per 
cent  survival  of  five  years  or  more  for  carcinoma  of  the  ampulla  (10). 

The  operative  mortality  and  survival  figures  cited  above  are  comparable 
to  results  obtained  in  radical  surgery  for  carcinoma  of  other  organs,  e.g.,  esopha- 
gus, stomach  ami  lung  (17-19),  and  tend  to  negate  the  widespread  hopeless 
attitude  toward  carcinoma  of  the  periampullary  region. 

It  has  been  suggested  that  radical  surgery  should  be  undertaken  for  ampul- 
lary carcinoma,  but  not  for  cancer  of  the  head  of  the  pancreas.  This  point  of 
view  can  only  be  accepted  with  reservation.  At  the  time  of  operation  the  surgeon 
(jften  ftnds  it  difficult  to  identify  the  site  of  origin  of  neoplasms  in  the  periampul- 
lary region.  This  is  difficult  even  for  the  pathologist  (20,  21).  Thus,  many  authors 
identify  tumors  in  this  region  as  one  entity,  under  the  term  carcinoma  of  the  peri- 
ampullary region.  Nevertheless,  where  study  of  resected  specimens  and  autopsies 
has  determined  the  exact  site  of  origin  of  the  tumor,  carcinoma  of  the  ampulla  of 
Vater  has  been  found  to  be  the  more  localized  lesion,  with  a  lower  incidence  of 
metastases  (22,  23). 

Outerbridge  (21)  found  that  only  22  per  cent  of  110  cases  of  carcinoma  of 
ampulla  of  Vater,  seen  at  the  time  of  autopsy,  had  metastases.  Bagenstoss  (20) 
reported  15  cases  free  of  metastases  in  26  post-mortems  performed  for  carcinoma 
of  the  ampulla.  These  figures  are  in  marked  contrast  to  those  reported  for  car- 
cinoma of  the  head  of  the  pancreas  by  Sih-er  et  al.  (24),  who  found  that  82.5 
per  cent  of  these  lesions  had  metastases  at  the  time  of  autopsy. 
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Miller  ('2')),  who  studied  resected  speciineiis,  noted  a  30  per  cent  incidence  of 
involved  lymph  nodes  in  carcinoma  of  the  papilla  and  a  ().")  per  cent  incidence 
in  carcinoma  of  the  head  of  the  pancreas.  Me  found  the  perineural  lymphatics 
in\'olved  in  60  per  cent  of  cases  of  carcinoma  of  the  head  of  the  pancreas,  and  the 
transected  end  of  the  common  duct  was  invaded  in  1")  per  cent.  None  of  these 
structures  were  involvetl  in  the  resected  specimens  for  carcinoma  of  the  ampulla. 
These  findings  have  been  coiifii  nied  by  others  (26,  27).  The  presence  of  metastases 
in  local  lymph  nodes  should  not,  in  itself,  be  considered  a  contraindication  to 
resection.  Fi\-e-year  sur\'i\-als  in  patients  who  had  in\'olved  lymph  nodes  at 
time  of  surgery  ha\-e  been  reported  (2,  9,  28,  29). 

Invasion  of  the  portal  vein  was  seen  by  ]\Iiller  in  37  per  cent  of  cases  of  car- 
cinoma of  the  head  of  the  pancreas,  and  in  six  per  cent  of  the  cases  of  carcinoma 
of  the  papilla  (25).  Child  (30,  31)  has  presented  experimental  and  clinical  evidence 
of  the  feasibility  of  resection  of  the  portal  vein  and  its  branches  during  pan- 
createctomy. Sweet  (32)  and  McDermott  (33)  have  reported  successful  resection 
of  a  portal  vein  invoh'ed  by  tumor,  and  implantation  of  the  superior  mesenteric 
vein  into  the  inferior  yena  cava.  Daniel  (34)  has  attempted,  in  dogs,  the  bridging 
of  defects  in  the  portal  vein  with  plastic  tubes  and  homografts.  Brunschwig 
(35)  and  Moore  (36)  resected  the  superior  mesenteric  vein  en  bloc  with  the  tumor. 

An  additional  problem  that  confronts  the  .surgeon  at  the  time  of  operation 
is  the  determination  of  the  exact  nature  of  a  mass  in  the  periampullary  region. 
In  the  absence  of  metastases,  there  is  nothing  in  the  gross  characteristics  to  dif- 
ferentiate between  benign  and  malignant  lesions  (37,  38).  Biopsy  is  often  not 
helpful  due  to  the  secondary  c-hanges  that  occur  in  the  pancreas  as  a  result  of 
obstruction  of  the  ducts.  Gross  pancreatitis  w'as  reported  in  23  per  cent  of 
cases  of  carcinoma  of  the  head  of  the  pancreas,  and  microscopic  evidence  of 
pancreatitis  in  85  per  cent  (39).  Cases  of  pancreatitis  which  were  resected  be- 
cause of  the  impression  that  they  were  malignant  ha\'e  been  reported  (5,  37,  38). 
Fra.ser  (4),  reviewing  1035  cases  of  obstructi\'e  jaundice  due  to  pancreatic  dis- 
ease, found  a  seven  per  cent  incidence  of  benign  lesions  which  were  considered 
malignant,  and  a  16  per  cent  incidence  of  malignancies  which  were  mistaken 
for  benign  lesions.  Bowden  (37)  reported  comparable  figures  of  eight  and  26 
per  cent,  respectively,  for  these  errors  in  diagnosis.  On  this  basis,  he  feels  that 
the  chance  of  survival  of  a  patient  who  has  a  resection  for  a  benign  lesion  that  is 
mistaken  for  a  malignancy  is  greater  than  that  of  a  patient  who  has  a  carcinoma 
of  the  pancreas  that  is  not  resected,  because  it  is  assumed  to  be  a  benign  lesion. 
The  following  case  report  illustrates  this  difficulty  in  diagnosis. 

R.  T.  (^87710),  a  58  year  old  wliite  woman,  wa.s  admitted  to  The  IMovint  Sinai  Hospital 
on  Septemt)er  7,  1958,  with  a  two  month  hi.story  of  right  ujjper  (pi'idrant  pain  radiating  to 
the  back  and  right  shoulder,  and  jaundice  of  one  week's  duration.  Physical  e.xamination 
revealed  a  jaundiced  patient,  in  good  general  condition,  with  a  large  palpable  gall  bladder. 
The  significant  hudings  in  laboratory  studies  consisted  of  a  Ijilirubin  of  7. .3  mgm.  per  cent 
indirect  and  4.9  mgm.  per  cent  direct,  and  an  alkaline  phosphatase  of  52  King-Armstrong 
units.  On  September  27,  1957,  the  patient  was  explored  under  general  anaesthesia  and  a 
markedly  distended  gall  bladder  and  common  duct,  without  evidence  of  intrinsic  disease, 
were  found.  A  mass,  4x0  cm.,  occupying  the  head  of  the  pancreas  and  firmly  adherent  to 
the  duodenum,  and  large  lymph  nodes  along  the  porta  hepatis,  were  encountered.  A  biopsy 
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of  several  of  the  Ij^mph  nodes  was  reported  negative  on  frozen  section  for  carcinoma,  and 
biopsies  of  the  pancreas  in  three  different  sites  were  reported  as  chronic  pancreatitis.  These 
reports  were  confirmed  by  paraffin  sections.  In  view  of  the  negative  biopsies,  a  cholecysto- 
duodenostomy  was  performed.  Postoperatively,  the  patient  developed  a  left  subphrenic 
abscess  and  a  left  pleural  effusion  which  subsided.  She  was  discharged  on  November  21, 
1957.  On  May  11,  1958,  she  was  readmitted  with  severe  back  pain,  aiiore.xia  and  weight  loss. 
Physical  examination  at  that  time  revealed  a  large  liver,  a  ]}alpable  spleen  and  a  mass  in 
the  epigastrium.  Biochemical  studies  of  the  liver  were  normal.  There  was  no  evidence  of 
jaundice.  Smears  taken  of  cells  obtained  on  duodenal  aspiration  revealed  carcinoma.  The 
patient  received  bilateral  splanchnic  blocks,  and  was  discharged  relieved  of  the  pain.  She 
died  in  August,  1958,  11  months  after  the  original  exploration,  of  carcinomatosis. 

The  high  incidence  of  associated  pancreatitis  has  also  been  the  cause  of  over- 
estimation  of  the  size  of  the  tumor,  and  the  consequent  declaration  of  non- 
resectability.  Bowden  (40)  reviewed  16  cases  of  carcinoma  of  the  head  of  the 
pancreas  with  this  problem  in  mind,  and  found  that  there  was  a  marked  dis- 
crepancy between  the  surgeon's  impression  and  the  pathologist's  measurements. 
Furthermore,  in  five  cases  there  was  only  microscopic  evidence  of  tumor  and 
these  were  described  originally  by  the  surgeon  as  a  tumefaction  from  1.5  cm.  to 
8  cm.  in  size. 

With  the  aforementioned  problems  in  mind,  it  is  necessary  to  examine  the 
factors  responsible  for  the  low  survival  rate  in  those  cases  in  which  resection  is 
undertaken.  Cattell  and  Pyrtek  (41),  analyzing  their  results,  feel  that  partial 
pancreatoduodenectomy  is  unsatisfactory  for  carcinoma  of  the  pancreas,  and 
suggest  that  total  pancreatectomy  should  be  the  next  step  to  improve  the  prog- 
no.sis.  This  opinion  has  been  supported  by  others  (6,  14,  42).  McDermott  and 
Miller  cite  the  high  incidence  of  local  recurrence  in  patients  who  died  some  time 
after  subtotal  pancreatoduodenectomy.  Grauer  (43),  in  29  cases  classified  as 
carcinoma  of  the  head  of  the  pancreas,  found  that  the  tumor  was  localized  to 
the  head  as  a  single  mass  in  only  14  cases.  In  the  remaining  15,  beside  the  mass 
occupying  the  head,  there  was  microscopic  as  well  as  macroscopic  evidence  of 
tumor  scattered  throughout  the  remainder  of  the  gland.  Furthermore,  Sommers 
(44)  has  noted  the  high  incidence  of  papillomatous  and  adenomatous  hyper- 
plasia (41  per  cent)  in  the  uninvolved  segment  of  pancreatic  ducts  in  cases  of 
carcinoma.  He  feels  that  this  type  of  hyperplasia  bears  an  etiologic  relationship 
to  the  development  of  carcinoma  in  the  gland. 

Evans  and  Ochsner  (42),  in  a  detailed  study  of  the  lymphatics  of  the  pancreas, 
have  shown  that  lymphatic  vessels  of  the  head  travel  along  the  body  and  tail 
and  empty  into  suprapancreatic  and  infrapancreatic  nodes.  These  nodes  are  in 
close  proximity  to  the  superior  mesenteric,  middle  colic,  and  splenic  vessels. 
For  this  reason,  they  suggest  that  a  radical  operation  for  carcinoma  of  the  head 
of  the  pancreas  should  include  a  total  pancreatectomy,  resection  of  the  superior 
mesenteric  vein  and  the  middle  colic  vein. 

Cole  (45)  and  Hutchinson  (12)  have  pointed  to  the  presence  of  carcinoma  cells 
in  the  pancreatic  juice,  and  the  consequent  contamination  of  the  peritoneal 
cavity  during  transection  of  the  pancreas.  This  could  explain  those  instances  in 
which  diffuse  carcinomatosis  follows  shortly  after  pancreatoduodenectomy  for  a 
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localized  lesion.  'I'liese  facts  support  Ihc  choice  of  total  pancreatoduodenectomy 
as  the  treatment  of  choice  for  carcinoma  of  the  periampullary  region.  However, 
this  procedure  still  carries  a  high  mortality.  In  a  series  of  cases  collected  by 
Cattell,  he  has  reported  a  mortality  of  43.5  per  cent  for  malignant  lesions  and  a 
20  per  cent  mortality  for  benign  lesions.  Zimmerman  (46)  has  recently  reported 
five  consecutive  total  pancreatoduodenectomies  without  mortality. 

SUMMARY  AND  CONCLUSIOXS 

A.  The  results  of  the  treatment  of  carcinoma  of  the  periampullary  region  on 
the  ward  service  of  The  Mount  Sinai  Hospital  from  1951  to  1957  have  been 
presented. 

B.  Only  10  per  cent  of  the  patients  operated  upon  underwent  radical  resection, 
with  a  mortality  of  66  per  cent. 

c.  The  remaining  patients  had  a  paUiative  bypass  procedure  for  relief  of 
jaundice  with  a  mortality  of  12.9  per  cent,  and  an  average  survival  after  dis- 
charge from  the  hospital  of  seven  months. 

D.  The  widespread  pessimistic  attitude  toward  radical  resection  for  peri- 
ampullary carcinoma  has  been  discussed.  Analysis  of  the  mortality  and  survival 
statistics  reveals  that  this  attitude  is  unwarranted,  and  the  prognosis  following 
resection  is  comparable  to  that  of  malignant  neoplasms  of  other  organs. 

E.  The  difficulty  in  diagnosis,  and  in  evaluation  of  the  origin  and  extent  of  the 
tumor,  at  the  time  of  surgery,  has  been  considered. 

F.  The  factors  influencing  local  recurrence,  and  therefore  the  nature  of  the 
resection  to  be  undertaken,  have  been  discussed. 

G.  A  consideration  of  these  factors  indicates  that  radical  total  pancreatectomy 
should  be  recommended  in  any  attempt  at  curative  resection. 
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Accurate  evaluation  of  management  of  toxemia,  or  specific  hypertensive  dis- 
ease of  pregnancy,  has  two  inherent  handicaps.  First,  despite  much  investiga- 
tive effort,  this  remains  a  disease  of  undetermined  etiology.  Second,  in  those 
clinics  which  stress  adequate  prenatal  care,  the  disease  is  becoming  less  common. 
Proper  prophylaxis  in  supervised  pregnant  patients  has  almost  eliminated 
toxemia  of  pregnancy  in  its  severe  and  fulminating  form,  replete  with  multiple 
alterations  in  body  physiology  (1).  There  remains  a  hard  core  of  patients  whose 
underlying  hypertension,  renal  disease,  or  diabetes  mellitus  makes  them  par- 
ticularly vulnerable  to  toxemia  and  at  the  same  time  especially  resistant  to 
treatment.  These  patients  represent  the  major  problem  in  this  field  today. 

At  The  Mount  Sinai  Hospital  (1953  to  1958),  26,041  patients  have  been  de- 
livered. The  incidence  of  toxemia  and  essential  hypertension  and  the  fetal  results 
in  this  group  are  presented  in  Table  I. 

These  figures  compare  favorably  with  those  reported  elsewhere  (Table  II), 
bearing  in  mind  differences  in  population  and  medical  climate  and  variations  in 
classification  and  reporting. 

When  the  perinatal  losses  in  this  group  are  compared  with  the  overall  perinatal 
rate  at  The  Mount  Sinai  Hospital  for  the  same  period,  21.4  per  thousand  live 
births,  the  major  therapeutic  problem  in  toxemia  becomes  evident.  Reversal 
of  the  secondary  manifestations  of  toxemia — hypertension,  edema,  and  central 
nervous  system  irritability — can  be  accomplished  readily  with  several  different 
therapeutic  regimens.  Only  when  the  perinatal  loss,  ranging  from  three  times 
greater  than  normal  in  pre-eclampsia  to  ten  times  greater  in  pre-eclampsia  super- 
imposed on  chronic  hypertension,  is  reduced  will  there  be  any  indication  that 
therapy  is  influencing  the  basic  disease  process. 

A  second  measure  of  therapeutic  efficacy  might  be  reduction  in  maternal 
mortality.  This  is  not  a  sensitive  criterion  for  us,  since  of  all  1091  patients 
described  in  Table  I  there  was  only  one  maternal  death:  a  34  year  old  negress 
who  had  no  prenatal  care  in  her  seventh  pregnancy,  whose  course  was  compli- 
cated by  rheumatic  heart  disease  with  mitral  stenosis  and  essential  hypertension 
with  superimposed  toxemia,  who  entered  the  hospital  at  32  weeks  gestation  with 
premature  rupture  of  membranes  and  in  congestive  heart  failure,  developed 
severe  pulmonary  edema  when  labor  started  24  hours  later,  and  died  four  hours 
post-partum;  the  premature  newborn  survived.  It  would  be  difficult  to  evaluate 
therapy  by  attempting  to  reduce  a  maternal  mortality  figure  already  lower  than 
0.1  per  cent. 

Our  approach  to  the  management  of  toxemia  of  pregnancy  has  been  conserva- 

From  the  Toxemia  Clinic,  Department  of  Obstetrics  and  Gynecology,  The  Mount 
Sinai  Hospital,  New  York,  N.  Y. 
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TAHLM  [ 


Toxemia  and  H ijpcrtcnaion  in  Prciinanci/ 
(The  Mount  Sinai  Hospital,  1963-1968)* 


Diagnosis 

Number  of 

Cases 

Per  Cent 

Fetal  Loss 
(Cases) 

Pcrins-ts.)  Loss 
(Per  lOOa  Live 
Births) 

Pre-eclampsia  

695 

2.7 

47 

67.6 

Eclampsia  

9 

0.03 

0 

0 

Chronic  hypertension  without  toxemia. 

310 

1.2 

23 

74.1 

Chronic  liypertension  witii  toxemia  .... 

77 

0.3 

10 

207.8 

Total  

1091 

4.2 

80 

78.8 

*  These  data  are  based  upon  26,041  deliveries  during  this  period. 


TABLE  II 

Fetal  Loss  in  Toxemia 
(Perinatal  deaths/1000  live  births) 


Autliors 

Pre-eclampsia 

Eclampsia 

Hyper 

Without 
toxemia 

tension 

With 
toxemia 

Cosgrove  and  Cheslev  (2,3)  (1935-1939)  

171 

185 

500 

Wellen  (4)  (1935-1950)  

71 

221 

393 

Browne  and  Dodds  (5)  (1931-1940)  

130 

480 

92 

635 

Taylor  et  al.  (6)  (1931-1950)  

66 

157 

Dieckmann  (1)  (1941-1950)  

45 

107 

87 

300 

The  Mount  Sinai  Hospital,  1953-1958  

68 

0 

74 

208 

tive,  partly  because  the  small  number  of  fulminating  cases  in  our  experience 
mitigates  against  extensive  trials  of  new  therapies,  and  partly  because  of  our 
interpretation  of  the  pathophysiology  of  this  disease.  We  consider  that  the  clinical 
manifestations  of  toxemia  of  pregnancy  are  secondary  to  the  basic  disease 
process.  The  generalized  ^•asclllal•  sj)asm  and  resultant  hypertension  (7-9), 
responsible  in  major  degree  for  maternal  mortality  (10)  and  the  point  of  attack 
for  therapy,  may  well  be  a  protective  meciiaiiism  wlicichy  the  body  provides 
adeciuate  circulation  to  the  fetus.  Whether  the  initial  i^rccipitating  changes  occur 
in  the  placenta  (11)  or  other  organs  is  not  known.  The  finding  on  electron  mi- 
cn^scopic  examination  of  renal  biopsy  specimens  in  pre-eclampsia  of  a  deposit  of 
amorph(jus  matei'ial  between  the  basement  membrane  of  the  renal  glomerulus 
and  the  capillary  wall,  previously  described  with  light  microscopy  as  "swelling 
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of  the  hascmciil  nu'inl)raiu>"  (12),  raises  ihv  ([ucstion  of  a  primary  renal  etiology 
for  this  syndrome.  Under  these  circumstances,  a  reasonable  approach  to  therapy 
is  containment  of  the  clinical  manifestations  of  toxemia  within  boundaries 
which  would  assure  maternal  safety  without  interfering  with  the  body's  efforts  at 
homeostasis. 

PHAHM.VCOLOGIC  CONSIDEHATIONS 

Theobald  (13)  has  summarized  the  numerous  drugs  proposed  for  the  treatment 
of  pre-eclampsia  and  eclampsia,  and  is  of  the  opinion,  shared  by  Eastman  (14), 
that  many  of  these  patients  have  suffered  from  o\'ertreatment.  In  an  attempt  to 
evolve  a  rational  approach  to  therapy,  we  have  considered  the  more  popular 
drugs  currently  in  use  and  their  influence  on  i-epresentative  vital  functions  in 
toxemia:  blood  pressure,  cerebral  blood  flow  and  cerebral  oxygen  uptake  (as 
measures  of  central  nervous  system  ischemia  and  convulsive  propensity),  and 
renal  blood  flow  (as  a  measure  of  renal  function  and  representative  of  splanchnic 
and  therefore  uterine  flow).  These  considerations  are  detailed  in  Table  III. 

Several  inferences  can  be  drawn  from  this  analysis.  Barbiturates,  though 
effective  in  high  doses  in  suppressing  central  nervous  system  irritability,  have 
undesirable  effects  on  other  vital  functions.  Chlorpromaziue  (Thorazine'"')  and 

TABLE  III 


Effect  of  Drugs  in  Toxemia  of  Preynancy 


Drug 

Blood 

Pressure 

Cerebral 
Blood  Flow 

Cerebral 
O.xygen 
Uptake 

Renal  Blood 
Flow 

Depres.saiit  Drugs: 
Barbiturates  

sl.  D 
si.  D 

D 

D 

D 
sl.  D 

D 

N 
sl.  I 

D 

D 
sl.  D 

D 
N 
sl.  I 

D 
D 
N 

D 
N 
N 
D 
D 
sl.  I 

Morphine  

Magnesium  sulfate   

Chlorpromaziue 

Promethazine   

Rauwolha  derivatives  

Adrenergic  Blocking  Agents: 
Hydergine®  

D 

N 

N 

N 

Ganglionic  Blocking  Agents: 

Hexamethonium  

Trimef  hidinium  methosulfate  

D 
D 

D 
sl.  D 

D 
sl.  D 

D 
D 

Veratrum  Derivatives : 

Veratrum  viride  

Crj'ptenamine  

D 
D 

N 
I 

N 
I 

sl.  D 
sl.  D 

Hydralazine  

D 

I 

I 

I 

D  =  decrease;  N  =  no  change;  I  =  increase;  sl.  =  slight. 
Data  collated  from  references  15  to  28. 
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proiiu'thaziiic  ( I'licncrf^air  )  arc  in  ttic  same  (uitegoiy.  The  use  ol'  the  latlcr  two 
drugs  has  had  the  greatest  vogue  in  India,  where  unsupervised  pregnant  women 
present  with  fuhiiinating  eclampsia  of  a  severity  rarely  seen  by  us  (22,  23,  29, 
80).  ^i'he  major  probkun  in  such  cases  is  the  reduction  of  maternal  mortality  with 
inadequate  medical  personnel;  this  the  drugs  have  accomplished,  the  maternal 
death  rate  l)eing  reduced  from  19.0  to  4.5  per  cent  in  one  series  (22)  and  reported 
as  zero  in  a  second  (23).  The  overall  fetal  mortality,  however,  in  the  respective 
series  was  39.0  and  53.5  per  cent.  These  drugs  seem  to  offer  no  particular  ad- 
vantage in  our  circumstances.  Of  the  depressant  drugs,  morphine  and  magnesium 
sulfate  have  the  most  physiologic  effects  in  pre-eclampsia  (18-21),  and  the 
rauwolfia  derivatives  are  most  h(^l]ifu]  in  the  long  term  management  of  cluonic 
hypertension  in  pregnanc^y  (24). 

Both  adrenergic  and  ganglionic  blocking  agents  are  disappointing.  Though 
effective  in  decreasing  blood  pressure,  they  do  so  by  relatively  more  peripheral 
than  splanchnic  vasodilatation,  and  hence  do  not  correct  the  renal  ischemia 
characteristic  of  toxemia.  The  veratrum  derivatives  are  markedly  effective  in 
increasing  cerebral  blood  flow.  Hydralazine  (Apresoline®)  seems  from  the  phar- 
macologic data  to  exert  the  most  beneficial  effect,  but  has  the  disadvantage  of  a 
relatively  high  incidence  of  side  effects  when  used  in  full  dosage.  A  better  thera- 
peutic result  may  therefore  be  achieved  by  employing  a  combination  of  agents 
with  lesser  doses  for  each,  i.e.,  a  veratrum  derivative  plus  hydralazine  (31). 

THERAPEUTIC  REGIMEN 

Current  therapy  at  The  Mount  Sinai  Hospital  for  toxemia  of  pregnancy  is 
based  upon  the  foregoing  pharmacological  considerations.  In  the  Toxemia 
Clinic,  to  which  are  directed  all  pregnant  women  with  essential  hypertension, 
renal  disease,  evidence  of  pre-eclampsia  in  the  current  pregnancy  or  history  of 
pre-eclampsia  in  previous  gestations,  the  emphasis  is  on  prophylaxis  and  sympto- 
matic treatment.  The  patients  are  followed  bi-weekly,  encouraged  to  restrict 
weight  gain  with  low  caloric,  low  salt  diets,  and  treated  actively  with  diuretics 
at  the  first  evidence  of  edema.  Chlorothiazide  (Diuril®),  in  doses  of  500  milligrams 
daily  for  four  consecutive  days,  has  become  the  mainstay  of  therapy.  With 
this  dosage,  and  intermittent  therapy,  potassium  depletion  has  been  no  problem; 
the  patients  are  encouraged  to  use  citrus  fruits  and  juices  liberally.  Meralluride 
(Mercuhydrin®),  2  cc.  intramuscularly^,  is  used  in  patients  refractory  to  or  unable 
to  tolerate  oral  diuretics.  Reserpine  in  appropriate  dosage  has  been  used  in 
patients  with  chronic  hypertensive  disease,  but  without  effect  in  improving  fetal 
salvage.  Predisposing  medical  factors  such  as  renal  infection  or  diabetes  are 
treated  at  the  same  time. 

Sometimes  the  pregnant  patient  presents  either  without  or  despite  prenatal 
care  with  sudden  eruption  of  severe  hypertension,  marked  edema,  and  intensive 
proteinuria.  In  such  patients  hospitalization  and  therapy  are  promptly  in.stituted 
so  that  the  clinical  course  can  be  stabilized.  Salt  diuresis,  heavy  sedation,  and 
antihypertensive  therapy  are  combined  judiciously;  the  need  for  immediate 
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treatnicnl  is  part iculaily  picssinj;-  if  any  signs  of  impending  eclampsia  such  as 
severe  headaclie,  muscle  irritability,  or  epigastric  pain  are  present. 

After  admission  to  the  hospital,  the  immediate  need  is  for  sedation  to  depress 
central  ner\-ous  system  irritability.  Although  in  the  milder  cases  barbiturates 
such  as  phenobarbital,  10  to  GO  milligrams  every  four  to  six  hours,  may  be  used, 
in  the  more  se^-ere  case  we  have  employed  opiates  promptly.  Morphine,  15 
milligrams  intramuscularlj^  every  four  to  six  hours  if  the  respiratory  rate  remains 
adeciuate,  has  been  satisfactory.  Magnesium  sulfate,  10  grams  parenterally  in 
50  per  cent  solution  as  a  loading  dose  and  five  grams  thereafter  every  six  hours 
(provided  deep  tendon  reflexes  are  present  and  urine  output  is  maintained  at  a 
minimum  of  100  cc.  in  six  hours)  has  a  moderate  hypotensive  effect,  tends 
to  increase  cerelji'al  blood  flow,  and  is  effective  in  preventing  convulsions.  Intra- 
venous administration  of  four  grams  of  magnesium  sulfate  in  20  per  cent  solution 
is  equally  effective  but  more  dangeous;  10  cc.  of  10  per  cent  calcium  gluconate 
for  intravenous  use  should  be  available  to  counteract  the  respiratory  depression 
of  magnesium  toxicity.  Once  this  sedative  regime  has  been  instituted,  convulsive 
episodes  are  extremely  unlikely. 

Diuresis  should  be  stimulated  simultaneously  by  administration  of  intra- 
muscular mercurial  diuretics.  Mercuhydrin®,  2  cc.  intramuscularly,  will  produce 
a  marked  diuresis  within  hours;  intravenous  mercurials  have  been  used  in  ex- 
treme instances,  but  the  incidence  of  untoward  reactions  is  such  that  this  should 
not  be  a  routine  measure.  Diuril®  may  then  be  employed  in  the  usual  doses  for 
maintained  diuretic  effect. 

Hypotensive  agents  have  been  used  by  us  only  to  control  hypertensive  crises 
which  arise  in  spite  of  sedation.  Protoveratrine  A  &  B  (V eralba®),  2  mg.  in  200  cc. 
of  five  per  cent  dextrose  solution  by  intravenous  infusion  or  0.2  to  0.6  mg. 
intramuscularly  every  four  to  six  hours,  may  be  used  to  bring  the  blood  pres- 
sure down  to  levels  of  150  to  160/90  to  100  mm.  Hg.  This  drug  produces  a 
moderate  bradycardia  and  a  sensation  of  A\armth  throughout  the  body.  No 
attempt  is  made  to  drop  the  blood  pressure  to  normal,  but  merely  to  contain  the 
pressure  within  a  reasonable  ceiling.  Ephedrine,  25  milligrams,  and  atropine, 
0.4  milligrams,  are  immediately  on  hand  for  intravenous  administration  to 
counteract  severe  hypotension  or  bradycardia.  Veratrum  derivatives  may  in- 
crease cardiac  excitability,  and  the  use  of  these  agents  in  patients  who  have 
been  digitalized  is  contraindicated,  since  arrhythmias  and  fibrillation  may  occur. 
Symptoms  of  overdosage  include  progressive  development  of  nausea,  vomiting, 
hypersalivation,  severe  bradycardia  and  hypotension,  and  collapse.  Drugs  such 
as  Apresoline®,  20  milligrams,  and  Unitensin®,  five  milligrams,  combined  in 
500  cc.  of  5  per  cent  dextrose  solution  and  administered  by  intravenous  drip, 
have  given  good  results. 

Patients  admitted  with  convulsions  and/or  coma  present  an  even  more 
serious  problem.  It  is  essential  to  stop  the  convulsions  and  stabilize  the  patient's 
clinical  condition  before  undertaking  any  obstetrical  procedure.  All  of  the  afore- 
mentioned measures  are  employed  simultaneously.  In  addition,  general  sup- 
portive measures  are  indicated:  Intravenous  fluids  to  provide  ade(iuate  hydration 
and  maintain  urine  flow ;  indwelling  catheter  to  ascertain  the  precise  renal  output ; 
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iiursiii<i  care  of  I  he  conintosc  ]);it  icnt  ;  iik  ml  ti  <;;if;  mid  inodcrnlo  rest  mini  s  dui  iii^i; 
coin  ulsions.  Oxyj^cii  is  adiniiiistcn'd  by  nasal  calliclci-  at  six  lilci's  per  ininule. 
Tracheotomy  may  he  n('(;os.sary  to  i'acililatc  adcMiuatc  naso-pliuiyiifrcal  toilet. 
The  patient  may  he  digitalized  prophylad ically  or  at  the  first  sif2;ns  of  cardiac 
failure;  rotatiufj;  tourniciuets  are  used  as  needed  for  pulmonary  (>dema.  Hioad 
spectrum  antihiotics  ai'c  indicated  to  prevent  pneumonitis. 

Af'tei'  t!ie  clinical  picture  has  stahilized,  a  decision  luusi  he  made  wliellier-  to 
empty  the  uterus.  This  is  generally  hased  on  two  considerations:  the  severity 
of  the  manifestations  of  specific  hyperten.sion  which  j^ersist  after  adecjuate 
therapy,  and  the  duialion  of  pregnancy.  In  se\'ere  cases  of  pre-eclamp.sia,  if 
hypertension  and  proteinuria  do  not  subside  ai)i)reciahly  and  pi-egnancy  is 
sufficiently  ad\anced  to  warrant  termination,  the  uterus  should  be  promptly 
evacuated;  the  method  may  he  decided  by  obstetrical  considerations.  In  the 
patient  with  eclampsia,  it  is  wi.se  to  terminate  the  pregnancy  promptly  ))y  what- 
ever obstetrical  jneans  prove  most  feasible  once  the  convulsions  have  stopped 
and  the  patient's  status  stabilized  forabout24  hours.  In  both  instances,  induction 
of  labor  by  intravenous  pitocin  infusion  has  been  successful  when  the  status  of 
the  cervix  is  favorable;  the  patients  are  well  sedated  duiing  laboi',  permitted  only 
a  short  second  stage,  and  delivered  under  general  or  local  anesthe.sia.  Regional 
anesthetics  such  as  spinal,  saddle-block  or  caudal  have  the  disadvantage  of 
sometimes  resulting  in  a  sudden  drop  of  l)lood  pressure  in  a  patient  who  must 
maintain  a  high  tension  for  ade(iuate  blood  flow  to  vital  organs,  and  are  there- 
fore avoided.  Although  in  cases  of  eclampsia  treatment  is  directed  toward 
preserving  the  life  of  the  mother,  the  fetus  will  survive  in  many  instances; 
N-allyl-normoiphine  (Xalline®),  5  to  10  milligrams  given  intravenously  to  the 
mother  10  mimites  befoi'e  delivery,  will  pre\'ent  an  ad\'ei"se  effect  of  the  mother's 
heavy  opiate  sedation  on  the  respirations  of  the  newborn.  The  only  oxytocic 
u.sed  in  the  puerperium  is  pitocin,  since  ergot  dei'i\'ati\'es  have  a  tendency  to 
elevate  blood  pressui'e  in  these  sensiti\'e  individuals. 

Xot  unconmionly,  the  first  detectable  signs  of  pre-eclanipsia  or  eclampsia  may 
occui'  intrapartum  or  in  the  puerperium.  Clinical  manifestations  occurring  so 
late  in  pregnancy  suipiisingly  may  take  one  to  three  weeks  to  disappear.  Obvi- 
ously, post-part um  management  is  simplified  by  the  prior  evacuation  of  the 
uterus. 

SUMMAKY 

A.  The  major  problem  in  toxemia  of  i)regnancy  in  oiu'dinic  is  tfie  high  peiinatal 
mortality  rate.  Maternal  mortality  in  regisleicd  patients  has  been  zero,  and 
prophylactic  prenatal  care  has  kept  the  incidence  of  eclampsia  to  0.0.')  per  cent. 

B.  The  pharmacologic  prop(>rti(>s  of  drugs  commonly  used  in  the  treatment  of 
toxemia  are  reviewed,  with  special  attention  to  alterations  in  cerebral  and 
splanchnic  blood  flow. 

c.  On  theoretic  gi'ounds  as  well  as  by  good  clinical  icsponse,  magnesiiun  sulfate, 
morphine,  reserpine,  veratrum  derivatives,  and  hydralazine  have  been  the  main- 
stay of  our  therapy  for  severe  pre-eclampsia  and  eclampsia. 

D.  Antepartum  care,  with  emphasis  on  1  lie  pre\-eiil  ion  of  toxemia  of  pregnancy 
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l)y  incniis  of  wcifiht  rcsl  rict  i(  m,  low  salt  diet,  and  stimulation  of  salt  and  water 
diuresis  in  early  edenia,,  remains  the  best  ai)proaeli  to  the  problem. 
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CASE  NO.  95 

This  was  the  first  admission  of  an  8^  2  year  old  boy  for  investigation  of  recur- 
rent meningitis.  Thirteen  months  before  admission,  the  child  had  been  struck  by 
an  automobile  and  was  admitted  elsewhere  with  drowsiness  and  vomiting. 
Ivxamination  of  the  skull  showed  a  linear  fracture  of  the  left  occipital  bone.  The 
child,  at  the  time  of  the  accident,  had  bleeding  from  the  nose  but  not  from  the 
ears.  The  hospital  course  was  uneventful  and  he  was  discharged  after  twelve 
days.  About  a  month  after  the  accident,  however,  the  child  developed  an  ache 
in  his  left  ear  associated  with  fever,  vomiting  and  nuchal  rigidity.  He  was  im- 
mediately re-hospitalized  and  a  diagnosis  of  meningitis  made  after  spinal  tap. 
The  spinal  fluid  showed  many  polymorphonuclear  leukocytes  with  a  protein 
content  of  GtiO  milligrams  per  cent.  Prior  to  this  hospitalization,  he  had  received 
antibiotic  therapy;  a  positive  bacteriological  culture  was  not  obtained  from  the 
spinal  fluid.  The  child  responded  well  to  antibiotics  within  a  short  period  of  time 
and  was  discharged.  Three  months  later,  however,  the  same  symptoms  recurred 
and  hospitalizaticjn  was  required  because  of  meningitis.  The  spinal  fluid  and 
blood  culture  of  this  admission  were  said  to  have  shown  pneumococci.  Nose  and 
throat  cultures  showed  staphylococcus  aureus.  Again  he  was  treated  successfully 
with  antibiotics  and  discharged  after  about  three  weeks.  A  similar  sequence  of 
events  recurred  seven  or  eight  months  later.  Examination  of  the  ears  shortly 
before  admission  demonstrated  the  absence  of  hearing  on  the  left  side. 

On  admission,  the  patient  appeared  to  be  well.  Temperature  was  100. 2°F.  but 
in  the  subsequent  week  did  not  exceed  100°F.  The  tonsils  were  large  and  appeared 
to  be  injected.  There  were  enlarged  lymph  nodes  on  both  sides  of  the  neck,  more 
marked  on  the  left.  The  left  eardrum  appeared  scarred.  Hearing  on  the  left  was 
absent  and  the  left  labyrinth  was  "dead."  Conventional  roentgenograms  of  the 
skull  showed  no  definite  evidence  of  fracture  in  the  occipital  bone.  There  was  the 
suspicion  of  a  fracture  line  in  the  petrous  pyramid  on  the  left  side  which,  how- 
ever, was  demonstrated  uneciuivocally  by  laminagraphy  (Fig.  1).  Examination 
of  the  mastoids  showed  relatively  poor  pneumatization  on  the  right,  most  of  the 
mastoid  area  consisting  of  diploic  bone.  On  the  left,  pneumatization  was  even 
poorer  and  the  bone  was  sclerotic.  Pneumoencephalogram  and  electroencephalo- 
gram were  normal.  Spinal  fluid  was  not  unusual. 

This  case  is  of  interest  because  of  the  insistence  on  the  part  of  the  clinician 
that  there  must  be  a  persistent  source  of  infection  of  the  meninges  related  to  the 
previous  fracture,  and  the  demonstration  of  the  linear  fracture  by  laminagraphy. 
This  type  of  localized  fracture  of  the  superior  margin  of  the  petrous  pyramid 
entering  the  bony  labyrinth  is  uncommon.  In  view  of  the  chronic  tonsillar  and 
middle  ear  infection,  the  source  of  recurring  meningitis  appears  adequately  ex- 
plained. The  absence  of  healing  of  the  temporal  fracture  in  contrast  to  the 
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Case  95,  Fig.  1.  Laminagraphy  of  petrous  pyramids  shows  a  linear  fracture  line 
(arrow)  extending  from  the  superior  bony  margin  through  the  labyrinth  at  the  site  of 
the  vestibule  into  the  middle  ear. 

occipital  t'ructuie  may  also  be  the  result  of  chronic  iiit'ectioii.  There  is  no  doubt 
that  a  tear  in  the  dura  ov^er  the  fracture  is  also  present  and  unhealed.  This 
child  is  under  close  observation  with  prophylactic  antibiotics,  with  the  hope 
that  healing  will  occur  and  surgical  intervention  be  avoided. 

Final  Diagnosis:  Recurrent  meningitis  due  to  ununited  fracture  of  the 
PETROUS  bone. 

CASE  NO.  96 
Submitted  by  Bernard  S.  Aron,  M.D. 

A  fifteen  year  old  Puerto  Rican  girl  was  admitted  to  The  Mount  Sinai  Hospital 
for  the  first  time  with  the  complaints  of  diffuse  abdominal  pain,  occasional  fever 
and  chills,  recurrent  nose  bleeds,  for  approximately  a  year,  and  scleral  icterus 
for  three  weeks.  Phj'sical  examination  was  negative  except  for  enlargement  of 
the  liver  and  the  spleen.  The  hemoglobin  was  9.6  grams  per  cent.  The  serum 
bilirubin  was  elevated  and  multiple  liver  function  tests  were  abnormal,  suggesting 
hepato-cellular  disease.  Stool  examinations  were  negati\'e  foi'  ova  and  parasites 
but  repeatedly  positive  for  occult  blood.  Sigmoidoscopy  and  rectal  mucosal 
biopsy  were  normal.  Aspiration  liver  biopsy  showed  chronic  non-specific  hepatitis 
with  focal  necrosis  and  pericholangiolitis.  Sepia  formation  was  present  suggesting 
early  transition  into  cirrhosis. 

Barium  meal  examination  showed  some  thickening  of  the  foldsof  Iheduodenum 
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Case  96,  Fig.  2A.  Barium  enema  examination  about  five  months  after  the  examina- 
tion illustrated  in  fig.  1  shows  a  very  bizarre  pattern  of  the  right  side  of  the  bowel 
extending  to  the  splenic  flexure.  These  changes  are  most  marked  in  the  transverse 
colon  where  the  mucosal  folds  appear  to  be  thickened  and  tortuous.  The  entire  segment 
appears  to  be  limited  in  distensibility.  Excess  secretions  are  seen  in  the  distal  colon 
and  sigmoid. 

without  evidence  of  any  constant  deformity  or  of  an  ulcei'  crater.  Esophageal 
varices  were  not  seen.  Small  bowel  examination  and  barium  enema  examination 
(Figs.  lA  c^'  IB)  were  essentially  negati\'e  except  for  some  irrital)ility  of  the 
right  side  of  the  colon.  The  patient  was  treated  with  a  high  protein  diet  and 
steroids;  she  responded  fairly  well.  At  the  time  of  discharge,  hemoglobin  was  12.5 
grams  per  cent. 

About  three  weeks  after  discharge,  in  the  Follow-l^p  Clinic,  it  was  noted  that 
the  patient  was  again  jaundiced  and  febrile.  Moreover,  she  had  noted  the  pas- 
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sage  of  l)iifilit  icd  hlodd  \hh-  rccliim.  Slic  was  r(>-iidniitt('(l  to  the  hospital  where 
the  eiilargeineiit  ot  the  li\er  appi'aied  to  be  essentially  iiiicluinged.  The  spleen 
was  somewhat  larger.  Hemoglobin  was  5.9  grams  per  cent.  Li^•er  function  tests 
showed  abnoiinalities  similar  to  those  on  the  first  admission.  Hematological 
study  re\ealed  multiple  coagulation  defects  in  the  prothrombin  group,  pre- 
sumably secondary  to  li\'er  disease.  On  sigmoidoscopy,  it  was  reported  that  there 
were  multiple  areas  of  punctate  hemorrhagss  in  the  r(>ctal  mucosa.  However,  on 
repetition  of  sigmoidoscopy  ten  days  later,  no  mucosal  abnormality  was  demon- 
strated. 

Barium  enema  exanunntion  (Figs.  2A  tV'  2B)  showed  a  rather  remarkable 
appearance  during  the  cour.se  of  barium  filling,  particularly  in  the  transverse 
colon  and  ascending  colon  which  suggested  the  possibility  of  ulcerative  colitis. 
However,  the  air  contrast  portion  of  the  examination  showed  normal  distensibility 
except  in  the  region  of  the  splenic  flexui'e  where  there  was  compression  by  the 


Case  96,  Fig.  2B.  After  the  instillation  of  air,  the  right  side  of  the  colon  appears  to 
distend  normally.  The  splenic  flexure  is  limited  in  distensibility  presumably  as  a  result 
of  compression  by  the  enlarged  spleen.  The  haustral  pattern  is  relatively  intact  and 
the  barium  outlining  the  mucosal  surfaces  is  continuous  without  evidence  of  serration  or 
ulceration. 
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Case  96,  Fig.  3.  Repeat  barium  enema  examination  done  six  weeks  after  the  exami- 
nation illustrated  in  fig.  2  shows  an  essentially  normal  pattern  and  filling  of  the  colon. 

enlarged  spleen.  On  steroid  therapy,  the  liver  function  tests  improved  but  stools 
remained  persistently  positive  on  guaiac  examination.  A  repeat  barium  enema 
examination  (Fig.  '.i)  six  weeks  later  showed  an  essential  normal  appearance  of 
the  colon  without  any  remarkable  irritability  or  abnormality  in  mucosal  pattern. 
A  second  liver  biopsy  showed  changes  similar  to,  but  more  marked  than  the 
original  findings.  The  patient  was  discharged  for  further  observation. 

The  association  of  cirrhosis  of  the  liver  and  ulcerative  colitis  has  been  com- 
mented upon  by  several  authors  (1-4).  It  has  been  posiulated  that  mucosal 
changes  in  the  colon  as  a  result  of  venostasis  may  be  a  predisposing  factor  to 
ulceration.  However,  at  The  Mount  Sinai  Hospital  this  association  has  not  been 
common  and  the  case  presented  is  of  particular  interest  since  the  findings  might 
have  been  interpreted  as  ulcerative  colitis  particularly  of  the  right  side  of  the 
colon.  It  is  our  belief  that  these  changes  were  essentially  functional  in  natur*^ 
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perhaps  associated  with  t raiisitoty  e()iii>;(>st ion  and  edema.  The  re\'ersal  to  a 
normal  appeai'aiiee  within  a  relatively  short  period  of  time  would  ai)iJear  to 
exclude  the  diagnosis  of  ulcerati\-e  colitis. 

I'inal  Diagnosis:  Tkaxsitory  changes  ix  the  colox  simulating  ulcerative 

COLITIS  IN  A  PATIENT  WITH  POST-XECROTIC  CIRRHOSIS. 
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CASE  NO.  97 

This  was  the  first  admission  of  a  15  year  old  girl.  Since  the  age  of  si.x,  the 
mother  had  noted  that  there  was  a  fuhiess  of  the  upper  left  side  of  the  abdomen. 
She  was  also  aware  that  this  had  been  attributed  to  the  presence  of  an  enlarged 
spleen.  At  the  age  of  four,  appendectomy  had  been  performed  apparently  without 
incident.  The  remainder  of  the  history  w^as  non-contributory.  There  was  no  story 
of  bleeding,  jaundice  or  fever.  For  a  period  of  about  six  months  prior  to  admission, 
the  parents  had  noted  a  voracious  appetite  and  the  patient  w'as  examined  for  this 
reason.  After  investigation,  she  was  admitted  to  the  hospital  for  operation. 

Examination  on  admission  showed  a  well  developed,  well  nourished  female  of 
15  in  no  distress.  The  only  positive  physical  finding  was  an  enlarged  spleen 
which  descended  four  fingerbreadths  below  the  left  costal  margin  on  inspiration. 
The  spleen  w^as  firm,  non-tender  and  smooth.  After  the  injection  of  epinephrine, 
the  spleen  appeared  to  shrink  from  five  to  three  fingerbreadths  below  the  left 
costal  margin  in  one  and  a  half  hours.  A  smear  of  the  peripheral  blood  after  this 
procedure  showed  no  evidence  of  malarial  organisms.  Because  of  the  suspicion 
of  Gaucher's  disease,  skeletal  survey  was  done  which  showed  no  abnormalit}' 
in  the  bones.  Examination  of  the  abdomen  (Fig.  1)  confirmed  the  presence  of  a 
huge  homogeneous  density  occupying  the  left  upper  ([uadrant  and  extending  as 
high  as  the  left  dome  of  the  diaphragm.  The  left  renal  outline  could  be  seen 
through  this  mass  and  did  not  appear  to  be  unusual.  The  psoas  margins  were 
distinct. 

Exploratory  laparotomy  was  performed  and  a  huge,  thick  walled  cyst  arising 
apparently  from  the  lower  pole  of  the  spleen  was  found.  Splenectomy  was  done. 
The  cyst  contained  old  blood  and  there  were  many  other,  small,  cysts  around  it. 
It  was  lined  by  dense  fibrous  tissue  with  areas  of  calcification.  In  some  areas,  the 
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Case  97,  Fig.  1.  Examination  of  the  abdomen  shows  a  large,  sharply  demarcated, 
homogeneous  density  (arrows)  with  a  sharp  arcuate  border  inferiorly,  extending  to  the 
dome  of  the  diaphragm  superiorly.  The  usual  splenic  shadow  is  not  seen.  The  left  renal 
outline  can  be  discerned  through  the  mass.  The  psoas  borders  are  distinct. 

lining  showed  squamous  cell  epithelium.  Xo  hair  or  cartilage  was  tound  ljut 
despite  this  the  suggestion  was  made  that  the  cyst  was  most  likely  a  dermoid. 
Final  Diagnosis:  Cyst  (dermoid?)  of  the  spleen. 

CASE  NO.  98 

Submitted  by  David  A.  Dkeili\g,  M.D. 

The  patient  was  a  73  year  old  woman  whose  digesti\'e  complaints  were  present 
for  at  least  40  years.  She  suffered  recurrent  severe  ahdoniiiial  pain  after  meals, 
nausea,  vomiting,  multiple  episodes  of  hematemesis  and  mclena.  At  the  age  of 
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4;^,  a  thyroidectomy  hnd  been  perforincd  for  (lra\  e's  disease.  At  the  age  of  50, 
essential  hypertension  was  discovered.  Headache,  dyspnea  and  angina  were 
present.  At  \-arious  times  she  had  experienced  several  cerebral  vascular  accidents 
and  on  one  occasion  a  coronary  occlusion.  There  was  no  history  of  alcoholism. 

The  patient  was  first  seen  at  The  Mount  Sinai  Hospital  in  1!)4()  for  symptoms 
of  liypertension.  At  that  time,  a  mass  was  palpated  in  the  epigastrium  and  the 
liver  appeared  to  be  enlarged.  Roentgen  examination  of  tlu^  abdomen  disclosed 
multiple  calcific  deposits  in  the  pancreas  (Fig.  1).  Cholecystography  showed  a 
normally  functioning  and  contracting  gall  bladder  without  calculi.  Barium  meal 
examination  revealed  a  very  small  hiatus  hei'nia  and  a  duodenal  diverticulum. 
Pancreatic  secretion  studies  revealed  findings  indicati\-e  of  advanced  chi'onic 
pancreatitis.  It  was  assumed  that  the  etiology  of  the  pancreatitis  was  disease  of 
the  biliary  tract  but  in  \'iew  of  the  absence  of  biliary  tract  symptoms  and  the 
normal  cholecystographic  findings  as  well  as  the  patient's  poor  cardiovascular 
condition,  surgical  intervention  was  not  recommended. 

The  patient  had  five  subsequent  admissions  to  the  hospital.  The  first  four 
admissions,  one  in  1953,  two  in  1955  and  one  in  1957  were  all  occasioned  by 
massive  hematemesis.  In  the  interval  from  1953  to  1957,  the  patient  had  six 
major  bleeding  episodes.  On  each  occasion,  the  bleeding  ceased  after  hospitaliza- 
tion and  barium  meal  and  enema  studies  showed  no  definite  source  for  bleeding. 
Gastroscopy  was  also  performed  and  there  was  no  evidence  of  ulceration  demon- 


Case  98,  Fig.  1.  Examination  of  the  abdomen  shows  numerous  nodular  and  linear 
calcifications  in  the  region  of  the  body  of  the  pancreas  (arrow).  These  remained  essen- 
tially unchanged  over  a  period  of  years. 
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Case  98,  Fig.  2.  Barium  meal  on  the  patient's  last  admission  shows  marked  gastric 
dilatation  and  retention  with  a  rigid,  conical,  narrowed  segment  (arrow)  involving  the 
antrum  and  extending  to  the  base  of  the  bulb.  The  mucosal  pattern  in  this  area  is  com- 
pletely destroyed  and  the  appearance  is  that  of  neoplastic  involvement. 

strated.  Gastric  analysis  revealed  no  free  acid.  Repeated  secretin  tests  done 
during  this  interval  always  showed  marked  impaii'ment  of  pancreatic  function. 
On  a  numljer  of  occasions,  surgical  inter\'ention  was  recommended  but  the 
patient's  private  physicians  did  not  concur. 

The  patient's  last  admission  to  The  Mount  Sinai  Hospital  was  in  March  1959. 
She  had  been  chronically  ill  for  the  last  two  years  but  had  had  no  major  gastro- 
intestinal hemorrhage.  The  patient  was  admitted  because  of  several  months  of 
progres.sive  weakness,  anorexia,  marked  weight  loss  and  persistent  vomiting. 
Barium  meal  examination  on  this  admission  (Fig.  2)  demonstrated  obvious 
marked  gastric  dilatation  and  retention.  There  was  a  conical  rigid  narrowing  of 
the  antrum  which  had  the  appeai'ance  of  neoplastic  involvement.  At  the  four 
hour  observation  practically  all  of  the  barium  remained  in  the  stomach.  From 
the  roentgen  observations,  it  was  not  evident  \vhether  the  narrowed  rigid  antrum 
was  the  result  of  a  primary  carcinoma  of  the  stomach  or  whether  this  was  the 
result  of  neoplasm  involving  the  stomach  secondarily.  In  view  of  the  long  story 
of  pancreatic  disease  and  the  presence  of  pancreatic  calcinosis,  it  was  suspected 
that  the  latter  was  true  and  that  the  patient  was  now  suffering  from  a  carcinoma 
of  the  pancreas  with  secondary  invoh-ement  of  the  stomach.  In  order  to  relieve 
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Case  98,  Fig.  3.  Barium  meal  examination  done  six  years  before  the  examination 
seen  in  Fig.  2  shows  a  hemispherical  indentation  (arrow)  on  the  posterior  aspect  of  the 
body  of  the  stomach  which  was  constant  and  indicative  of  pancreatic  enlargement  or 
mass. 

her  desperate  condition,  the  patient  was  explored.  The  pancreas  was  hard  and 
calcific  and  exhibited  in  the  body  of  the  pancreas  a  large  cystadenocarcinoma 
approximately  two  by  three  by  five  inches  in  size.  There  were  multiple  metastases 
in  the  peritoneal  cavity,  the  lymph  nodes  and  the  liver.  A  large  metastasis  just 
proximal  to  the  pylorus  had  involved  the  immediate  prepyloric  segment  of  the 
stomach  and  was  the  source  of  the  obstruction.  No  ulceration  of  the  gastric 
mucosa  was  felt  externally  nor  could  one  be  demonstrated  after  the  stomach 
had  been  opened  for  the  performance  of  a  palliative  gastroenterostomy.  A  biopsy 
of  one  of  the  metastatic  lesions  was  reported  as  adenocarcinoma.  On  the  fourth 
post-operative  day,  the  patient  suffered  a  coi'onary  occlusion  and  died  the  follow- 
ing day. 

This  case  is  of  interest  because  of  the  fact  that  chronic  relapsing  pancreatitis 
with  pancreatic  calcinosis  had  been  present  for  many  years.  On  previous  barium 
meal  examinations,  an  indentation  on  the  posterior  aspect  and  greater  curvature 
aspect  of  the  stomach  had  been  repeatedly  demonstrated  (Fig.  3).  The  possibility 
therefore  exists  that  this  represented  a  cystadenoma  which  subsefiuently  became 
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nialifiiiniit ,  c.xaniijlc  ol  an  a|)|)ar('iit  increased  tVe( |iieiicy  ol"  (•ai'cinoiiia  ol  I  lie 
paiici'eas  in  patients  with  clironic  pancreatitis  and  (calcinosis. 

l''inal  13iaf^nosis:  Cystadenocarcinoma  of  the  I'ANcueas  in  a  i-atikxt  w  i'i  ii 

LONG  standing  CHllONIC  RELAPSING  PANCREATITIS  AND  PANCREATIC  CALCINOSIS. 

CASE  NO.  <)<) 

This  was  the  touith  achnissioii  of  a  70  year  old  white  male  with  tlie  ctiiet  c;oni- 
plants  of  abdominal  discomfort  and  progressive  anemia  of  three  months  duration. 

Four  years  prior  to  this  admission,  the  patient  had  undergone  prostatectomy. 
He  de\'eloped  a  persistent  pyelonephritis  tVjUowing  this  and  had  five  severe 
recurrent  urinary  infections.  He  also  had  a  long  history  of  "stomach  trouble" 
consisting  of  epigastric  fulness  and  distress,  and  heartburn  relieved  by  "Tums". 
A  barium  meal  examination  done  elsewhere  was  not  remarkable. 


Case  99,  Fig.  lA.  Barium  enema  examination  shows  a  small  polyp  on  a  pedicle  in 
the  distal  sigmoid  (lowermost  arrow).  In  addition,  however,  there  is  evidence  of  ex- 
trinsic pressure  on  the  mid-sigmoid  (arrow)  and  the  terminal  ileum  is  displaced  upward 
with  evidence  of  extrinsic  pressure  on  its  medial  aspect  (arrow). 
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Two  niul  a  halt'  nioiilhs  prior  to  the  curiciit  admission,  the  patient  had  been 
admitted  with  complaints  of  severe  anorexia,  fever  to  102°I'\,  chills  and  weak- 
ness. Dark  l)Iood  was  noted  in  the  stools.  At  that  time,  a  normochromic  anemia 
was  present  with  a  hemoglobin  of  8.8  grams  pei-  cent  and  a  red  count  of  3}i 
million  per  cu.  mm.  The  white  blood  count  was  7,100  per  c\i.  mm.  Sedimentation 
time  was  markedly  increased.  The  patient  was  treated  with  antibiotics  and  the 
fever  subsided.  Guaiac  test  on  the  stools  showed  a  faint  trace  on  one  occasion 
but  was  negative  when  repeated. 

The  patient  was  readmitted  because  of  persistent  anemia,  loss  of  weight  and 
abdominal  discomfort.  Moreover,  a  mass  on  the  right  side  of  the  abdomen  had 
become  palpable.  This  was  located  immediately  below  the  umbilicus,  was  hartl, 
but  appeared  to  be  movable  and  was  not  tender. 

Barium  enema  examination  (Fig.  lA)  show^ed  the  presence  of  a  small  polyp 
on  a  pedicle  in  the  sigmoid.  In  the  lower  abdomen,  there  was  evidence  of  a  large 
soft  tissue  den.sity  in  the  mid-line  extending  to  the  right,  which  produced  ex- 
trinsic pressure  on  the  distal  sigmoid  as  well  as  adjacent  loops  of  small  bowel 
(Figs.  IB  &  IC).  After  suitable  prepai-ation,  exploratory  laparotomy  was  per- 
formed and  a  hard,  firm,  irregular,  solid,  encapsulated  tumor  mass  removed 
from  the  mesentery  of  the  small  bowel.  On  microscopic  examination,  this  was 
found  to  have  a  pattern  highly  suggestive  of  paraganglioma.  Very  few  mitotic 
figures  were  present,  suggesting  low-grade  malignancy. 

Final  Diagnosis:  L.\rge  p.\raganglioma  of  the  mesentery  of  the  small 

BOWEL. 

CASE  XO.  100 

This  was  the  hrst  admission  of  a  55  year  old  male  with  complaints  of  inability 
to  void  for  24  hcnu's  and  lower  abdominal  pain.  (Jne  year  prioi-  to  admission, 
because  of  hematuria,  cystoscopy  was  performed  and  a  large  median  lobe  of 
the  prostate  was  found.  Resection  was  not  performed.  Two  weeks  prior  to  ad- 
mission, he  had  some  lower  abdf)minal  discomfort  which  was  relieved  by  moving 
his  bowels.  The  patient  had  always  been  constipated;  there  had  been  no  recent 
changes  in  bowel  habits. 

Physical  examination  on  admission  showed  a  well  developed  and  well  nourished 
male,  acutely  ill.  Temperature  was  99.2°F.,  pulse  92.  The  abdomen  was  some- 
what distended  interiorly  and  there  was  a  tender  mass  above  the  symphysis 
and  a  little  to  the  left.  Hemoglobin  was  13  grams  per  cent,  white  blood  count 
15,000  pel'  cu.  mm.  with  a  normal  differential  count. 

The  patient  was  cystoscoped.  There  was  no  evidence  of  urinary  retention  and 
a  cystogram  showed  only  a  small  di\'erticulum  of  the  bladder.  Barium  enema 
examination  was  done  on  the  day  after  admission  (Fig.  1),  and  showed  no  definite 
evidence  of  any  intrinsic  lesion  of  the  colon.  However,  there  was  extrinsic  pres- 
sure and  straightening  of  the  superior  aspect  of  the  sigmoid.  No  diA-erticulae 
were  noted.  The  patient  was  treated  symptomatically  for  two  days  without  sig- 
nificant change  in  his  condition  except  for  progressive  distention  of  the  lower 
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Case  100,  Fig.  1.  Barium  enema  examination  shows  no  evidence  of  an  intrinsic  lesion 
of  the  colon  but  there  is  an  indentation  and  flattening  on  the  superior  aspect  of  the 
proximal  portion  of  the  sigmoid  (arrow).  Several  dilated  loops  of  small  bowel  are 
present  in  the  mid-abdomen. 

abdomen.  Roentgen  examination  of  the  abdomen  confii'med  small  bowel  dilata- 
tion and  the  presence  of  a  mass  at  the  brim  of  the  pelvis  (Fig.  2).  Barium  was 
administered  by  mouth  and  serial  observations  made.  These  demonstrated 
moderate  dilatation  and  an  abnormal  quantity  of  secretions  in  the  small  bowel 
with  evidence  of  displacement  and  extrinsic  pressure  of  several  loops  immedi- 
ately above  the  soft  tissue  mass  (Fig.  3). 

This  patient  clinically  and  roentgenologically  posed  a  problem  in  diagnosis. 
The  clinical  findings  appeared  to  be  consistent  with  a  diverticulitis  of  the  sig- 
moid which  involved  the  bladder  externally,  but  the  roentgen  findings  of  a  rather 
large  mass  without  evidence  of  divert iculae  appeared  inconsistent  with  this 
diagnosis.  Moreover,  the  patient  was  not  febrile  although  the  white  blood  count 
was  elevated. 

The  patient  was  explored  and  a  hemorrhagic  mass  about  12  cm.  in  its  greater 
diameter  was  found  in  the  left  lower  (juadrant  pressing  against  the  sigmoid  and 
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Case  100,  Fig.  2.  Examination  of  the  abdomen  two  days  after  barium  enema  shows 
rather  marked  dilatation  of  small  bowel  loops  as  well  as  colon.  This  appears  to  be  a 
combination  of  incomplete  small  bowel  obstruction  and  paralytic  ileus.  A  "window" 
(arrow)  of  homogeneous  soft  tissue  density  at  the  pelvic  brim  on  the  left  indicates  the 
presence  of  a  mass. 

adherent  by  a  pedicle  to  an  adjacent  loop  of  di.stal  ileum.  The  point  of  adhesion 
to  the  small  bowel  was  over  an  area  less  than  3^  of  a  scjuare  centimeter.  At  one 
point,  the  hemoi'rhagic  mass  also  pressed  on  the  dome  of  the  bladder  and  the 
greater  omentum  was  adherent  to  it.  The  mesentery  with  the  attached  mass 
was  removed.  A  small  portion  of  the  wall  of  the  ileum  was  removed  with  the 
tumor  and  the  opening  in  the  ileum  closed.  The  mesenteric  portion  of  the  mass 
was  7  cm.  in  diameter,  irregular  in  shape  and  thinly  encapsulated.  A  section  of 
this  mass  showed  it  to  be  composed  mainly  of  blood  clot  except  at  one  pole  where 
there  was  an  irregular  grayish  white  firm  tumor  mass  about  3x4x2  cm.  Micro- 
scopic examination  showed  this  to  be  a  myosarcoma  with  extensive  hemorrhage. 

The  patient  did  well  post-operatively.  He  was  subsequently  readmitted  be- 
cause there  was  some  question  as  to  whether  the  entire  tumor  at  the  point  of 
the  attachment  to  the  ileum  had  been  resected.  He  was  re-explored  and  about 
eight  inches  of  terminal  ileum,  with  the  old  site  of  exci.sion  in  its  center,  were 
removed.  There  was  no  evidence  of  any  tumor  in  this  specimen. 

In  retrospect,  the  correct  diagnosis  might  have  been  suspected  from  the  find- 
ings in  Figure  3.  The  peculiar  V-shaped  configuration  of  the  loop  of  small  l)owel 
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Case  100,  Fig.  3.  Barium  administration  from  above  shows  some  dilatation  of  ileal 
loops  with  an  unusual  amount  of  fluid  within  them.  The  small  bowel  loops  are  displaced 
from  the  pelvis  and  show  extrinsic  pressure  (upper  arrow).  A  twist  in  the  small  bowel 
about  an  anchoring  point  (lower  arrow)  is  an  unusual  finding.  The  sigmoid  as  outlined 
by  air  shows  findings  similar  to  those  seen  on  the  barium  enema  examination. 

with  fixation  to  a  mass  at  the  apex  of  the  V,  and  localized  torsion  of  a  short  seg- 
ment of  bowel  are  unusual.  A  mass  of  this  size  attached  to  the  small  bowel  by  a 
short  pedicle  presumably  pulls  the  involved  loop  of  small  bowel  downwards  in 
the  abdomen  until  it  becomes  fixed,  e.g.  to  the  mesosigmoid.  Fixation  then 
interferes  with  normal  small  bowel  motility  and  torsion  of  the  loop  with  its 
attached  pedicle  results  in  hemorrhage  into  the  neoplasm  and  an  acute  abdominal 
episode.  The  attachment  to  the  ileum  by  a  pedicle  of  a  tumor  which  must  be 
considered  to  have  arisen  in  the  wall  of  the  bowel  is  also  of  interest  and  permits 
simple  surgical  excision. 

Final  Diagnosis:  Exoentekic  myosarcoma  of  the  ileum  with  torsiox  and 

HEMORRHAGE. 

THE  INCIDENCE  OF  HIATUS  HERNIA  IN  ROUTINE  BARIUM  MEAL 

EXAMINATIONS 

Bernard  S.  Wolf,  M.D.,  Sigmond  A.  Brahms,  M.D.,  and 
Mansho  T.  Khilnani,  M.D. 

A  standai'd  technique  for  the  detection  of  hiatus  hernias  during  routine  "upper 
gastro-intestinal"  series  has  been  previously  descril)ed  (I).  In  this  method,  the 
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TABLE  I 


Incidence  of  Hiatus  Hernias 

Age 

Number  Examined 

Number  vvitli  Small  Hernias 

Number  with  Medium  or 
Large  Hernias. 

10-19 

1  R 
10 

n 
w 

n 
u 

20-29 

22 

1 

0 

30 

4 

1 

40-49 

53 

15 

2 

50-59 

114 

39 

11 

60-09 

113 

46 

20 

70-79 

42 

23 

9 

80-89 

9 

6 

2 

90-99 

1 

1 

0 

400 

135 

45 

TABLE  II 

Frequency  of  Hiatus  Hernias 

Age 

Percentage  of  Small  Hernias 

Percentage  of  Medium  and 
Large  Hernias 

Total  Percentage 

30-39 

13% 

3% 

16% 

40-49 

28% 

4% 

32% 

50-59 

34% 

10% 

44% 

60-69 

41% 

18% 

59% 

70-79 

55% 

21% 

76% 

80-89 

67% 

22% 

89% 

patient  lies  on  the  horizontal  table  in  the  conventional  right  anterior  oblique 
position  with  a  radiolucent  bolster  under  the  abdomen.  A  film  of  the  esophagus 
and  stomach  is  taken  while  the  patient  continuously  drinks  a  fluid  barium-water 
mixture.  As  part  of  each  barium  meal  examination,  reflux  from  below  to  above 
the  diaphragm  is  sought  by  placing  the  patient  in  a  moderate  Trendelenburg 
position,  after  filling  the  stomach  with  barium.  More  strenuous  maneuvers  to 
induce  reflux  are  used  only  in  selected  cases. 

The  results  of  400  consecutive  patients  referred  to  the  X-Ray  Department  of 
The  Mount  Sinai  Hospital  for  barium  meal  examination  are  given  in  Tables  I 
and  II.  All  of  these  patients  were  in-hospital  patients  and  were  referred  for  a 
variety  of  reasons.  A  hernia  was  considered  "small"  if  the  herniated  pcjrtion  of 
the  stomach  in  the  prone  pressure  film  was  definitely  less  than  l)-^'  inches  in 
length.  All  other  hernias  were  considered  to  be  moderate  or  large  in  size. 

Reflux  in  the  moderate  Trendelenburg  position  wax  noted  in  no  patient  without 
a  hernia,  was  noted  twice  in  the  135  patients  with  small  hernias  and  in  one-third 
of  the  patients  with  moderate  or  large  hernias.  Every  patient  who  showed  free 
reflux  of  barium  into  the  esophagus  in  the  moderate  Trendelenburg  position 
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complaiiu'tl  of  .symptoius  clearly  referable  to  the  hei'iiia.  There  were,  h()\ve\-er, 
patients  with  mediuin  or  large  hernias  with  similar  symptoms  who  did  not  show 
free  reflux  in  the  Trendelt>nl)urg  position.  Tlie  large  majority  of  the  patients  with 
small  hernias  had  no  significant  symptoms  reasonably  attributable  to  the  hernia. 

It  is  of  interest  to  note  that  the  fre(iuency  of  small  hernias  increases  in  adults 
with  age  in  linear  fashion.  In  contrast,  medium  and  large-size  hernias  are  un- 
common before  the  age  of  fifty  and  their  fre([uen('v  levels  off  at  about  20  per 
cent  after  the  age  of  sixty.  These  findings  appear  to  confirm  the  impression  that 
small  sliding  hennas  are  part  of  the  "ageing"  process  and  that  additional  factors 
play  a  role  in  the  production  of  large  hiatus  hernias. 
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A  69  year  old  widow  entered  The  Mount  Sinai  Hospital  for  the  fifth  time, 
on  this  occasion  because  of  jaundice  of  six  months  duration  and  abdominal 
swelling  for  a  few  days. 

First  admission  (I4  months  earlier):  The  patient  had  had  epigastric  distress 
and  dyspnea  two  years  before,  at  which  time  her  physician  felt  the  spleen  six 
fingerbreadths  below  the  left  costal  margin  and  saw  what  appeared  to  be  a 
gallstone  on  x-ray.  Two  months  before  admission  she  developed  painless  watery 
diarrhea,  with  no  blood  in  the  stool.  She  was  found  to  have  pancytopenia  and  a 
very  low  serum  gamma  globulin  level.  She  had  lost  seven  pounds  in  the  preceding 
two-year  period  and  had  some  ankle  edema  in  the  evening  for  several  years. 

Cj'sts  had  been  removed  from  both  breasts  20  years  earlier  and  varicose  veins 
were  ligated  15  years  before.  She  had  traveled  in  many  areas  of  the  world  and 
had  had  "flu"  in  Peru  two  years  before.  She  had  experienced  one  or  two  attacks 
of  bronchitis  a  year  for  20  years.  Her  father  and  two  brothers  died  of  arterio- 
sclerotic heart  disease;  her  mother  died  of  a  sarcoma  and  one  brother  of  leukemia. 
Four  sisters  were  living,  one  of  whom  had  diabetes  mellitus. 

Temperature,  pulse,  and  respirations  were  normal;  the  blood  pressure  was 
130/76.  Several  discrete,  soft  nodes,  up  to  one  centimeter  in  diameter,  were  felt 
in  the  left  axilla.  A  lipoma  was  present  on  the  right  shoulder.  The  thoracic  spine 
showed  scoliosis  to  the  right.  A  grade  I  apical  systolic  murmur  was  present  and 
transmitted  to  the  axilla  but  the  heart  was  otherwise  normal.  The  lungs  were 
clear.  The  abdomen  was  greatly  distended,  mainly  by  a  firm  smooth  spleen  which 
filled  the  entire  left  side  and  extended  to  the  right  midclavicular  line.  The  liver 
was  not  felt.  Pelvic  and  rectal  examinations  were  negati\'e.  The  extremities 
were  normal. 

X-ray  examination  showed  the  colon  displaced  by  the  spleen  and  an  oval 
ring  of  calcium  in  the  right  upper  (juadrant.  Aside  from  displacement,  the  stom- 
ach and  small  bowel  were  normal.  A  bone  survey  was  negative.  Chest  x-ray 
showed  increased  markings  but  was  otherwise  normal.  An  electrocardiogram 
was  normal. 

Stool  examinations  for  blood,  ova  and  parasites,  and  pathogenic  bacteria 
were  negative.  The  urine  contained  a  faint  traceof  albumin  and  2  to  5  WBC/HPF. 
The  BUN  was  13.0  mg.  %,  blood  sugar  88  mg.  %,  serum  bilirubin  1.4  mg.  %  with 
0.7  mg.  %  direct  reacting  pigment,  serum  cholesterol  132  mg.  %  with  74%  esters, 
albumin  4.0  Gm.  %,  globulin  2.2  Gm.%,  cephalin  flocculation  0,  alkaline  phos- 
phatase 2.2  KA  units,  calcium  9.8  mg.  %,  phosphorus  2.6  mg.  %,  mucoproteins 
135  mg.  %,  acid  precipitable  globulin  5.0  mg.  %,  zinc  sulfate  turbidity  1.0  units. 

From  the  Department  of  Pathology.  The  Mount  Sinai  Hospital,  New  York,  N.  Y. 
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Electrophoresis  of  serum  proteins  sliowed  normal  albumin,  alpha  1,  alpha  2,  and 
beta  globulins  but  A'ery  low  gamma  globulin.  The  erythrocyte  sedimentation 
rate  was  19  mm  hr.  Prothrombin  time  was  normal,  as  were  bleeding  and  clotting 
times  and  clot  letraction.  A  serologic  test  for  syphilis  was  negative,  as  were 
PPD  1  and  #2  skin  tests  and  brucella  and  salmonella  agglutinins.  The  hemat- 
ocrit was  30.5%,  hemoglobin  8.4  Gm.  %,  RBC  3,070,000  per  cu.  mm.  reticulo- 
cytes 0.9%,  WBC  3,450  per  cu.  mm.  with  40%  segmented  cells,  20%  bands, 
32%  lymphocytes,  2%  monocytes,  6%  atypical  lymphocytes.  The  platelet 
count  was  52,000  per  cu.  mm. 

On  the  fifth  hospital  day  the  patient  developed  liroiichitis  with  some  fever. 
She  was  given  penicillin  which  was  rapidly  followed  by  a  rash.  She  was  sent  home 
on  the  12th  hospital  day  to  return  for  splenectomy. 

Second  admission  {1  week  later):  The  patient  returned  for  surgery  but  because 
an  extensive  rash  was  present,  she  was  sent  home  after  a  blood  transfusion  and 
laboratory  tests  which  gave  essentially  the  same  results  as  on  the  previous  ad- 
mission. Alkaline  phosphatase  activity  of  the  white  blood  cells  was  71.1/10"'  cells. 

Third  admission  (£3 2  months  later):  The  patient  returned  for  surgery  stating 
that  the  rash  had  cleared  very  slowly  despite  administration  of  ACTH  and  anti- 
histamines. Physical  examination  w'as  the  same  as  before  except  that  many  small, 
freely  movable  cervical  and  supraclavicular  nodes  were  now  palpable.  Her  blood 
pressure  was  180/80.  The  results  of  all  laboratory  tests  w^ere  essentially  the  same 
as  on  the  first  two  admissions. 

On  the  third  hospital  day,  a  splenectomy  Avas  performed  through  a  thoraco- 
abdominal approach.  Three  units  of  blood  were  given.  The  spleen  was  20  inches 
in  its  greatest  diameter  and  19  inches  in  width  and  weighed  2300  Gm.  Post- 
operatively she  did  well  until  the  third  day  w-hen  she  developed  a  fever  of  104° 
with  daily  spikes  to  at  least  101  °F.  Some  pyuria  and  serosanguinous  drainage 
from  the  chest  wound  were  present.  Cultures  of  the  spleen  were  negative.  Chest 
x-ray  revealed  Fleischner  lines  on  the  right,  a  low  left  hilum  and  slight  pleural 
reaction.  The  hemoglobin  was  maintained  over  12  Gm.  %  while  the  white  count 
reached  a  maximum  of  44,200  per  cu.  mm.  on  the  second  postoperative  day  and 
the  platelets  rose  to  260,000  per  cu.  mm.  One  week  postoperatively  almost  all 
polymorphonuclear  cells  disappeared  from  the  peripheral  blood  and  remained 
scant  in  number  for  two  weeks  while  many  atypical  lymphocytes  were  seen,  as 
well  as  vacuolated  monocytoid  cells.  Paper  electrophoresis  showed  very  low 
gamma  globulin  on  two  strips.  The  bone  marrow  was  cellular,  with  active  mega- 
karyocytosis,  normoblastic  erythropoiesis,  granulocytic  hyperplasia  wdth  arrest 
at  the  band  stage,  and  an  increased  number  of  lymphocytes.  A  few-  plasma  cells 
were  seen  when  the  section  w^as  scanned.  The  patient  went  home  after  four 
weeks,  still  somewhat  febrile. 

Fourth  admission  {four  months  later):  During  her  first  tw'o  months  at  home  the 
patient  did  Avell.  Then  she  developed  a  respiratory  infection,  and  while  in  bed 
for  this,  she  noted  dark  urine  and  became  jaundiced  four  or  five  weeks  prior  to 
readmission.  She  had  normal  brown  stools,  no  nausea  or  vomiting,  and  her  ap- 
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j)etite  was  f^ood.  She  had  Ix'cn  gaiiiiiiji  wciji'lil  and  was  takiiiji  iron  and  \itaniin 
tablets. 

Oil  admission,  the  patient  was  icteric  and  had  palmar  erythema  but  no  spider 
iie\  i.  Hales  were  present  in  both  lung  bases.  A  sinus  tachycardia  was  present. 
The  abdomen  was  distended  with  shifting  dullness.  The  li\'er  was  firm,  smooth 
and  nontemler,  and  extended  four  fingerbreadths  below  the  costal  margin. 
No  pulses  were  felt  in  the  legs  below  the  femorals.  One-plus  sacral  and  8+  ankle 
and  leg  edema  was  present. 

Urinalysis  showed  a  faint  trace  of  bile  and  uroljilinogen  \'alues  fluctuated  from 
1:20  to  1:80.  No  occult  blood  was  present  in  the  stools.  Hemoglobin  was  12.4 
Gm.%,  WBC  17,500  per  cu.  mm.  with  20%  segmented  cells,  16%  bands,  48% 
lymphocytes,  10%  monocytes,  and  G%  atypical  lymphocytes.  The  platelet 
count  was  202,000  per  cu.  mm.  The  red  cells  showed  targeting  and  Howell-JoUy 
bodies.  Occasional  giant  platelets  and  many  pleomorphic  lymphocytes  were  seen. 
The  sedimentation  rate  was  3  mm/hr.,  prothrombin  time  was  18  sec.  (control 
11.5  sec).  The  BUN  was  13  mg.  %,  blood  sugar  57  mg.  %,  serum  cholesterol 
189  mg.  %  with  60%  esters,  serum  bilirubin  was  8.2  mg.  %  with  5.2  mg.  %  direct 
reacting  pigment.  Thymol  turbidity  w^as  less  than  1.0  unit.  Serum  alkaline  phos- 
phatase was  14.6  KA  units,  the  serum  glutamic-oxaloacetic  transaminase  was 
520  units.  Albumin  was  3.7  Gm.  %,  globulin  2.3  Gm.  %.  Electrophoresis  revealed 
reduced  gamma  globulin  but  some  was  present  in  both  gammai  and  gamma2 
fractions.  Isoagglutiiiin  anti-B  antibodies  were  demonstrated.  The  serum  muco- 
proteins  were  36.1  mg.  %,  acid  precipitable  globulin  3.2  mg.  %  and  zinc  sulfate 
turbidity  1.7  mg.  %.  BSP  retention  was  22.5%.  Gastrointestinal  x-rays  were 
negative.  Intravenous  cholangiography  failed  to  visualize  the  biliary  tree  but  an 
oval  calculus  was  again  seen  in  the  right  upper  quadrant.  Chest  x-ray  showed 
increased  markings,  focal  atelectasis  in  the  right  base  and  Fleischner  lines  on 
the  left.  Electrocardiogram  was  normal.  The  patient  was  treated  with  Mercu- 
hydrin",  chlorthiazide,  vitamin  K,  prednisone  and  gamma  globulin  was  given 
intramuscularly.  She  improved  somewhat  and  w'as  sent  home. 

Fifth  admission  {three  months  later):  The  patient  had  done  poorly  at  home, 
having  been  continuously  jaundiced  and  becoming  weaker.  Before  admission, 
abdominal  swelling  was  noted  for  several  days  and  constipation  and  oliguria  for 
one  day.  While  at  home  she  had  bilateral  thrombophlebitis  migrans. 

Her  pulse  was  100,  temperature  99.6°F.,  blood  pressure  150/80.  She  was 
dyspneic  and  icteric,  and  appeared  chronically  ill.  Bilateral  basal  rales  w^ere 
present  and  a  grade  IV  systolic  murmur  was  heard  over  the  entire  precordium. 
The  abdomen  was  distended  and  tympanitic  l)Ut  no  organs  were  felt.  Pitting 
edema  was  noted  bilaterally  to  the  knees. 

The  hemoglobin  was  12.2  Gm.%,  WBC  22,000  per  cu.  mm.  with  56%  seg- 
mented leucocytes,  14  %  band  forms  and  30  %  lymphocytes.  The  urine  showed 
faint  traces  of  albumin  and  bile,  and  1:40  urobilinogen.  BUN  was  19.3  mg.  %, 
blood  sugar  71  mg.  %,  serum  bilirubin  6.2  mg.  %  with  4.2  mg.  %  direct  reacting 
pigment,  serum  alkaline  phosphatase  15.3  KA  units,  thymol  turbidity  less  than 
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J  unit,  cephalin  flocculat  idii  negative,  albinnin  o.(3  Gm.'y'c,  globulin  2.1  (ini. '^j, 
scrum  sodium  loli  uiImi.,  potassium  4.4  mEci.,  chlorides  86  mEcj.  and  CO^  29.5 
mEcj.  Bromsult'alein  i-ctcntion  was  52.5  %  in  45  minutes.  X-ray  of  the  abdomen 
revealed  distention  of  the  colon  with  gas  and  feces.  Chest  x-ray  showed  high 
diaphragms,  a  bhnited  left  costophrenic  angle  and  an  enlarged  heart. 

The  patient  was  placed  on  diuretics  and  the  distention  lessened.  On  the  fourth 
day,  a  paracentesis  was  performed  and  a  liter  of  opalescent  fluid  was  removed. 
The  fluid  had  a  specific  gravity  of  1.012,  a  protein  content  of  1.7  Gm.%  with 
an  A/G  ratio  of  1.1/0.(5  and  no  tumor  cells.  The  following  day  the  patient  was 
lethargic  and  her  speech  was  thick.  During  the  next  two  weeks  she  developed 
presacral  edema  and  hemoi-rhoidal  bleeding.  The  serum  bilirubin  had  risen  to 
11.8  mg.  %  although  the  white  count  dropped  to  10,050  per  cu.  mm.  while  the 
hemoglobin  remained  unchanged.  The  patient  returned  home  where  she  died 
two  weeks  after  discharge,  having  been  comatose  most  of  the  time. 

Dr.  Alexander  B.  Gutmai)'*:  The  patient  to  be  discussed  was  considered  during 
life  to  have  an  obscure  disorder  which  in  recent  years  has  come  to  be  designated 
"acciuired  agammaglobulinemia",  as  distinguished  from  congenital  agamma- 
globulinemia. My  remarks  will  be  confined  to  this  disease,  the  question  being 
whether  all  her  varied  manifestations  can  be  accounted  for  by  this  symptom 
complex,  or  whether  additional  assumptions  are  necessary. 

There  are  two  subcategories  of  the  acquired  form  of  a-(better,  hypo-)  gamma- 
globulinemia.  The  first  is  associated  with  a  recognizable  imdei-lying  disorder 
which,  one  way  or  another,  affects  the  biosynthesis  of  gamma  globulins  which 
serve  as  a  reservoir  for  the  formation  of  specific  antibodies.  Most  commonly  the 
underlying  disease  is  multiple  myeloma,  but  it  may  be  macroglo})uIin(>mia  or, 
occasionally,  chronic  lymphocytic  leukemia,  lymphoma  or  myeloid  metaplasia. 
The  second  probably  also  is  secondary  to  some  underlying  disorder  but  this  is 
not  readily  catalogued,  hence  the  failure  to  synthesize  gamma  globulins  ade- 
cjuately  is  called  idiopathic. 

To  get  on  to  the  facts  of  the  case,  the  patient  was  a  69  year  old  widow  at 
the  time  of  her  death.  She  came  in  at  the  time  of  her  last  admission  because  of 
jaundice  of  six  months  duration,  with  ascites.  She  was  first  seen  at  this  hospital 
three  years  before  her  demise  because  of  epigastric  distress  and  dyspnea  which 
had  its  onset  two  years  before,  PCven  at  that  early  period,  the  physician  who 
examined  her  felt  the  spleen  six  fingerbreadths  below  the  left  costal  margin  and 
observed  a  gallstone  on  x-ray.  On  that  occasion  she  already  had  pancytopenia. 
A  very  low  serum  gamma  globulin  le\'el  was  noted  very  early  in  her  course.  She 
had  experienced  one  or  two  attacks  of  bronchitis  a  year  for  twenty  years.  This  is 
important  to  us  because  it  may  help  to  localize  the  time  at  which  the  hypo- 
gammaglobulinemia l:)egan.  One  of  the  most  prominent  manifestations  of  this 
disorder  is  the  recurrence  of  infections,  particularly  of  pulmonary  infections. 

Dr.  Siltzbach  had  an  opportunity  to  go  over  this  history  with  the  patient  and 
I  think  he  has  a  little  more  information  on  that  point. 

*  Director,  Dei)artment  of  Medicine,  The  Mount  Sinai  Hospital,  New  York. 
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Dr.  Ldiiis  Sillzb(t(ii*:  Actually,  an  ciilai'j^cd  s])lc('ii  was  first  iouiid  in  \\}r)'2 
although  our  physicians  first  saw  her  in  She  was  told  she  had  anemia  at 

that  time.  She  was  sent  to  me  primarily  to  determine  what  the  hepatospleno- 
megal}'  was  due  to.  She  had  a  Xickerson-Kveim  test  and  it  was  negative.  The 
tuberculin  test,  incidentally,  was  also  negative.  The  patient  had  just  recovered 
from  an  attack  of  pneumonia  and  still  had  some  sticky  rales.  Chest  x-ray  showed 
a  resoh'ing  pneumonia  at  the  right  base.  She  told  me  she  had  many  attacks  of 
bronchitis  and  that  unlike  most  colds,  recovery  always  took  four  to  six  weeks. 
Antibiotics  in  the  later  attacks  did  not  seem  to  be  nearly  as  helpful  as  they  were 
earlier.  She  also  had  diarrhea  pericxlically.  On  the  basis  of  these  facts,  I  suggested 
testing  her  serum  for  gamma  globulin.  We  were  quite  surprised  by  the  results.  I 
was  told  the  zinc  sulfate  turbidity  was  almost  zero  and  that  the  electrophoretic 
pattern  showed  practically  no  gamma  globulin. 

Dr.  Gutman:  Thank  you.  About  the  only  finding  on  physical  examination 
of  any  significance  was  marked  distention  of  the  abdomen  caused  for  the  most 
part  by  a  very  large,  firm,  smooth  spleen  which  was  described  as  filling  the 
entire  left  side  and  extending  to  the  right  of  the  umbilicus.  The  liver  was  not 
felt.  The  remainder  of  the  examination  was  non-contributory,  but  the  laboratory 
findings  were  of  considerable  interest. 

One  of  the  points  to  be  excluded  was:  Did  she  in  her  travels  pick  up  some 
parasite  that  might  have  lodged  in  her  spleen  or  liver  or  both?  Stool  examina- 
tions for  blood,  ova  and  parasites  were  entirely  negative,  as  was  a  search  for 
pathogenic  bacteria.  The  serum  bilirubin  on  the  first  admission,  fourteen  months 
before  her  demise,  was  1.4  mg.  %.  In  other  words,  she  was  beginning  to  show 
some  hyperbilirubinemia  and  about  half  of  this  was  indirect-reacting,  half  was 
direct-reacting  pigment.  The  serum  cholesterol  was  somewhat  low,  132  mg.  %. 
It  is  interesting  that  her  serum  protein  showed  4.0  Gm.  %  of  albumin  and  2.2 
Gm. %  of  gamma  globulin  at  this  time.  The  cephalin  flocculation  was  negative; 
the  serum  alkaline  phosphata.se  was  rather  low:  2.2  KA  units.  It  should  be  noted, 
as  one  goes  down  the  list  of  tests  of  various  kinds,  that  the  several  serological 
tests  performed  were  negative.  We  do  not  know  whether  these  were  negative 
because  the  diseases  searched  for  were  not  present  or  because  she  had  failed  to 
develop  antibodies  to  them. 

There  were  some  interesting  hematological  findings  and  I  ha\'e  asked  Dr. 
Rosenthal  to  discuss  those. 

Dr.  Martin  Rosenthal^ :  The  patient  had  a  hemoglobin  of  8.4  Gm.  %,  with  3.G 
million  red  cells,  which  is  essentially  a  normochromic  anemia.  She  had  no  par- 
ticular reticulocytosis,  and  .she  had  a  leukopenia  with  slight  lymphocytosis.  In 
addition  some  atypical  lymphocytes  were  noted.  The  platelet  count  was  dimin- 
ished. Putting  the  three  elements  in  the  blood  together,  this  patient  had  pancyto- 
penia and  perhaps  some  granulocytopenia.  A  blood  picture  such  as  this  is  not 
uncommonly  associated  with  a  large  spleen,  and  what  clinically  is  called  hyper- 
spleni.sm. 

*  .\ssofiate  AttciRliiig,  iJcpaitment  of  Medicine,  The  Mount  Siiuii  Hcspital,  New  York, 
t  As.sociate  .\t.tendiiiK.  Department  of  Hematology,  Tlie  iMount  Sinai  Hospital,  New 
York. 
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Dr.  Gutman:  Wo  have  estal)lisli('(l  thus  tar  that  this  69  j-ear  old  woman  had 
marked  hypogammaglobuHnemia.  Presumably  this  accounted  for  the  multiple 
pneumonic  infections  and  repeated  episodes  of  watery  diarrhea.  She  had  de- 
veloped a  very  lai'ge  spleen  without  palpable  enlargement  of  the  liver  and  she 
had  hyperliilirubinemia,  in  part  due  to  indirect-reacting  and  in  part  due  to  direct- 
reacting  bilirubin.  She  had  a  blood  picture  of  pancytopenia. 

In  the  hospital  on  the  fifth  day,  the  patient  developed  bronchitis  with  some 
fever.  She  was  given  penicillin  which  quickly  produced  a  rash.  In  patients  who 
have  true  agammaglobulinemia,  A\itli  xexy  low  antibody  levels  in  the  blood, 
allergic  reactions  are  uncommon  and  are  apt  to  be  very  mild.  I  would  think 
that  while  the  gamma  globulins  were  reduced  in  this  patient  they  were  not 
reduced  to  that  point. 

She  was  sent  home  to  return  for  splenectomy  after  the  penicillin  reaction 
abated.  When  she  was  readmitted,  she  received  a  blood  transfusion.  Note  this 
because  of  the  subsequent  development  of  jaundice  and  the  possible  relationship 
between  the  jaundice  and  the  blood  transfusions  she  received  on  this  and  on 
later  occasions. 

On  a  third  admission  to  this  hospital,  she  was  found  to  ha^'e  many  small, 
freely  movable  cervical  and  supraclavicular  nodes,  another  indication  that  while 
this  patient  was  deficient  in  gamma  globulin  formation,  she  was  still  probably 
able  to  produce  some.  Some  gamma  globulin  formation  is  belie\'ed  to  occur  in 
the  lymph  nodes,  with  lymphocytes  and  plasma  cells  participating.  It  has  been 
observed  many  times,  at  least  in  the  male  youngsters  w'ith  congenital  agamma- 
globulinemia, that  they  do  not  develop  enlargement  of  the  lymph  nodes  even 
in  the  face  of  severe  local  infections.  But  this  woman  did,  and  I  take  it  that 
this  was  another  indication  that  she  was  not  completely  devoid  of  functioning 
reticuloendothelial  tissue.  A  splenectomy  was  performed  during  which  three 
units  of  blood  were  given. 

We  are  not  told  anything  more  about  the  nature  of  the  spleen  or  the  findings 
in  the  spleen.  Because  of  the  absence  of  any  therapeutic  measures  which  I  am 
sure  would  have  been  instituted  if  she  had  a  lymphoma,  leukemia  or  sarcoidosis, 
I  suspect  no  very  characteristic  or  specific  changes  in  the  spleen  were  discovered. 
Cultures  of  the  spleen  were  taken  and  this  was  another  indication  that  nothing 
very  specific  was  found  on  inspection  of  the  organ.  I  suppose  tuberculosis  and 
fungi  were  sought.  Apparently  these  studies  were  entirely  negative. 

We  turn  to  the  hematological  findings  following  splenectomy.  Dr.  Rosenthal 
might  comment  on  this. 

Dr.  Rosenthal:  Post-splenectomy,  this  woman  developed  a  very  high  white 
blood  count.  At  the  same  time  her  platelet  count  rose  rather  precipitously,  which 
w^ould  be  interpreted  as  indicative  of  an  excellent  response  to  the  removal  of  the 
spleen.  This  is  at  least  a  confirmation  of  the  diagnosis  of  hypersplenism,  which 
one  really  makes  before  hand,  but  ne^'er  with  great  assurance.  In  other  words, 
hypersplenism  is  a  working  diagnosis  that  can  only  be  confirmed  following  a 
good  response  after  splenectomy. 

However,  at  one  point,  one  week  post-.splenectomy,  practically  all  of  the 
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paliont's  polyniorplioniu'lcar  leukocytes  (lis;ij)p(';U'('(l  iVdiu  llic  pciiplicial  Idood, 
which  is  very  unusual.  Usually  leukocytosis  develops  with  a  good  increase  in 
fiianulocytes.  While  this  did  occur  initially,  it  was  followed  by  an  almost  total 
disaj^pearance  of  the  granulo(!ytes  from  the  peripheral  bl(M)d.  At  that  time  a  bone 
marrow  aspiration  showed  marked  increase  in  granulocytes  with  some  type  of 
arrest  of  the  granulocytes.  It  was  suspcM-led  that  the  patient  was  undergoing 
some  type  of  cyclic  neutropenia. 

Dr.  Gutman:  On  the  fourth  admission,  which  was  four  months  after  her  splenec- 
tomy, the  picture  changed  completely.  She  had  developed  a  respiratory  infec- 
tion. While  in  bed  for  this,  she  noted  dark  urine  and  she  became  overtly  jaundiced 
four  or  five  weeks  prior  to  admission.  Associated  with  this  jaundice,  she  had  nor- 
mal brown  stools,  no  nausea  or  vomiting,  and  her  appetite  remained  good.  In 
fact  she  was  gaining  weight.  She  was  obviousl}'  icteric  and  the  abdomen  was 
distended,  with  shifting  dullness.  The  liver  was  firm,  smooth,  non-tender,  and 
extended  to  four  fingerbreadths  below  the  costal  margin. 

The  hemoglobin  now  was  12.4  Gm.%  the  WBC  was  17,500  per  cu.  mm.,  with 
20%  segmented  cells,  16%  bands,  and  48%  lymphocytes,  a  quite  different 
picture  from  that  seen  after  the  splenectomy.  The  red  cells  showed  targeting  and 
Howell-Jolly  bodies  as  evidence  of  increased  or  accelerated  erythropoiesis.  She 
had  occasional  giant  platelets  and  many  pleomorphic  lymphocytes  were  seen. 

It  is  interesting  to  note  that  the  thymol  turbidity  at  this  time  of  fairly  intense 
jaundice  was  less  than  one  unit,  which  may  be  related  to  the  hypogamma- 
globulinemia. The  serum  alkaline  phosphatase  was  14.6  KA  units,  not  in  the 
range  of  obstructive  jaundice.  ^Vlost  important  of  all,  from  a  diagnostic  point 
of  view,  the  serum  glutamic  oxaloacetic  transaminase  was  very  markedly  ele- 
vated, 520  units,  the  upper  limit  of  normal  by  our  method  being  approximately 
40  units.  This  is  a  sufficient  indication  of  severe  and  widespread  hepatic  necrosis. 

She  had  3.7  Gm.%  of  serum  albumin,  2.3  Gm.%  of  gamma  globulin,  with, 
again,  a  decrease  rather  than  complete  disappearance  of  the  gamma  globulin. 
Electrophoresis  showed  some  gammai  and  gammao  globulins.  This  indicates 
inade<iuate  or  imperfect  biosynthesis  of  gamma  globulins  rather  than  their 
complete  disappearance.  She  also  was  found  to  have  isoaglutinins,  which  are 
usually  absent  when  true  agammaglobulinemia  is  present. 

The  patient  was  discharged  somewhat  improved,  and  sent  home.  Here  she 
did  not  do  well  and  three  months  later  required  her  fifth  and  last  admission. 
The  jaundice  continued.  She  was  becoming  weaker  and  noted  progressive  ab- 
dominal swelling,  continuous  pain  and  oliguria.  The  cephalin  flocculation  test, 
in  spite  of  every  other  evidence  of  progressive  hepatitis,  was  negative,  again 
suggesting  a  failure  to  react  and  form  antibodies. 

Paracentesis  yielded  a  liter  of  an  opalescent  fluid  which  had  the  specific  gravity 
and  other  findings  of  an  exudate,  undoubtedly  a  reflection  of  her  liver  damage. 
Toward  the  end,  her  serum  bilirubin  rose  and  the  white  count  dropped.  She  was 
given  supportive  treatment,  but  died  two  weeks  after  discharge,  comatose  most 
of  the  time. 

On  the  basis  of  the  history,  physical  findings  and  results  of  laboratory  tests, 
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1  think  this  is  in  many  ways  a  classic  case  of  actinircd  i(H()patliic  liypoganima- 
globulinemia.  She  was  a  woman  wlio  was  in  h(>i-  middle  (iO's,  the  most  common 
age  period  and  sex  for  this  diseas(>.  She  had  had  a  long  history  of  recurrent  bron- 
chial infections,  with  delayed  healing  and  poor  response  to  antil)iotic  therapy. 
She  did  not  show  any  evident  signs  of  bronchiectasis  (a  not  infi'e(iuent  sequel 
in  children),  although  perhaps  some  indication  of  this  was  found  at  autopsy. 
She  had  other  infections,  notably  pyelitis  and  perhaps  some  pyelonephritis. 
She  had  abdominal  complaints  and  stools  suggestive  of  sprue. 

Most  characteristic  of  all,  she  developed  hepatitis.  Good  and  others  have 
commented  on  the  high  incidence  of  severe  hepatitis  in  patients  who  ha\'e 
agammaglobulinemia  sometimes,  as  in  this  case,  leading  to  death.  This  is  inter- 
esting because  while  it  is  generally  conceded  that  resistance  to  bacterial  infec- 
tions decreases,  immunity  to  viral  infections  remains.  But  this  is  not  always  true. 
The  fact  is  that  these  patients  are  particularly  susceptible  to  hepatitis  ^-irus 
and  sometimes  to  coxsackie  virus,  to  which  they  may  succumb. 

She  was  demonstrated  to  have  decreased  seriun  gamma  globulins.  There  was 
some  immunological  response  to  antigenetic  challenges,  shown  by  the  various 
tests.  We  do  not  know  whether  she  showed  any  improvement  with  gamma 
globulin  replacement. 

Dr.  Morton  Bryer*:  She  received  large  rjuantities  of  gamma  globulin  and  her 
penicillin  reaction  actually  followed  ([uite  a  large  amount  of  exogenous  gamma 
globulin. 

Dr.  Gntman:  Did  you  get  any  indication  of  response  to  the  gamma  globulin? 

Dr.  Brijcr:  It  was  not  clear  cut.  We  could  not  be  absolutely  certain  about  it, 
in  the  sense  that  there  was  a  sudden  change  in  the  hospital,  but  I  think  that  her 
respiratory  infections  l)enefitted  much.  She  continued  to  receive  gammaglobulin 
at  home  prior  to  operation.  She  did  have  fewer  infections  in  that  period. 

Dr.  Siltzbach:  I  found  two  other  cases  of  hypogammaglobulinemia  with  peni- 
cillin reaction.  I  think  it  is  believed  now  that  reactions  to  penicillin  and  other 
delayed  types  of  hypersensitivity  reactions  have  no  relation  to  gamma  globulin 
or  to  betao  globulin  and  that  they  concern  one  of  the  other  globulins. 

Dr.  Gntman:  In  some  cases,  fixed  tissue  antil^ody  formation  is  preserved.  In 
others,  as  I  read  the  literatvu'e,  it  is  not  preserved.  In  her  case  it  looks  as  if  this 
site  of  antibody  response  probably  was  preserved. 

How  are  we  to  explain  the  pancytopenia  and  the  other  manifestations  of 
splenomegaly  with  hypersplenism  in  this  case?  It  is  not  too  unusual,  in  the  idio- 
pathic form  of  this  disease,  without  any  recognizable  underlying  disease,  to  find 
that  the  patients  develop  marked  splenomegaly  with  hepatomegaly,  thrombo- 
cytopenia, marked  anemia  and  even  cyclic  neutropenia. 

What  is  the  significance  of  the  final  episode  of  severe  and  eventually  fatal 
jaundice?  I  think  this  again  reflects  her  vulnerability  to  hepatitis  virus  which, 
as  time  relationships  indicate,  was  transmitted  in  the  course  of  one  or  more  of 
her  transfusions.  Her  response  clinically  suggests  that  she  had  severe  hepatic 
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lU'ero.sis.  Since  she  siir\  i\('(l  lour  or  (ix'c  monlhs,  jK-rhaps  she  had  alrcaily  dc- 
voloped  some  indications  of  postnecrotic  ciri-hosis.  'I'he  whole  picture,  varied  as 
it  is,  involving  so  many  systems  and  eventually  terminating  in  death  due  to 
hepatitis  virus,  can  all  he  referred  to  the  underlying  disease,  acciuiicd  hypo- 
gannnaglol)ulinemia,  which  I  am  not  sure  should  he  desiiiiialed  primary. 

J)r.  Popper,  1  hope  in  addition  to  explaining  to  us  youi-  findings  at  autopsy, 
you  will  comment  on  the  genesis  of  gamma  globulin  and  the  role  that  the  liver 
may  play  in  this  important  process. 

Dr.  Hans  Popper*:  The  spleen  which  was  removed  at  the  operation  weighed 
2,o()0  grams  and  had  a  fleshy  appearance  on  the  cut  surface.  On  microscopic 
examination  of  this  huge  spleen,  we  saw  a  somewhat  disappointing  picture; 
an  almost  intact  architecture  with  lymph  follicles  and  small  germinal  centers 
and  some  hyaline  deposits.  In  the  white  pulp  we  found  an  abundance  of  cells 
which  were  pi'imarily  reticulum  cells.  The  reticulum  cell  hyperplasia  especially 
involved  the  perifollicular  areas  and  not  the  germinal  centers.  On  closer  ex- 
amination of  the  framework,  we  saw  a  slight  increase  of  the  reticulum  framework 
throughout,  but  no  se\'ere  tilnosis.  Hare  segmented  leukocytes  were  present  but 
the  predominant  type  of  cell  had  the  nucleus  of  a  reticulum  cell.  With  a  Giemsa 
stain,  reticulum  cell  hyperplasia  and  not  endothelial  cell  hyperplasia,  was  ap- 
parent. Some  megalocytes  were  seen.  The  sinusoidal  cells  were  not  plump  and 
did  not  have  the  characteristic  enlargement  which  otherwise  is  part  of  reticulo- 
endothelial hyperplasia,  but  we  demonstrated  in\'asion  of  the  sinusoid  by  the 
reticulum  cells. 

Summarizing  the  findings  in  the  spleen,  we  noted  an  excessive  splenomegaly 
with  preserved  architecture  and  a  most  marked  reticulum  cell  hyperplasia  with- 
out the  usual  participation  of  the  endothelial  elements  (1-3).  After  long  search, 
only  an  occasional  plasma  cell  could  be  demonstrated;  a  few  were  also  found 
in  the  bone  marrow.  Thei-efore  at  the  time  of  the  operation  and  at  the  time  of 
severe  hypogammaglobulinemia,  some  traces  of  plasma  cells,  the  gamma  globulin 
forming  elements,  were  present,  but  in  distinctly  reduced  number.  The  lymph 
nodes  taken  out  at  the  time  of  the  surgery  showed  the  same  lymphoid  and  reticu- 
lum cell  hyperplasia.  Plowever,  these  were  not  the  usual  littoral  reticulum  cell, 
but  rather  cells  of  a  more  lymphoid  type  (1-5). 

At  the  time  of  autopsy,  the  bone  marrow  was  distinctly  red.  On  microscopic 
examination  it  w^as  a  moderately  cellular  marrow  with  the  great  variety  of  cells 
reflecting  the  findings  of  Dr.  Rosenthal.  We  saw  megalocytes  and  a  great  number 
of  maturing  red  and  white  cells.  In  some  areas  accumulation  of  lymphoid  and 
reticulum  cells  were  again  seen. 

We  turned  our  interest  to  the  lung  in  view  of  the  long  history  of  respiratory 
infections.  We  were  disap]:)ointed  since  there  was  neither  bronchiectasis  nor 
any  other  chronic  lesion  in  either  lung.  Microscopically,  a  few  acute  broncho- 
pneumonic  foci  were  seen  Avhich  may  have  been  present  before  on  repeated  oc- 
casions, but  no  thickening  of  the  stroma,  as  evidence  of  chronic  fibrosing  lesions 
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FiCx.  1.  Section  (iF  Iciwoi-  ciid  (if  csiiphagiis  show  in^i  some  siiperlifial  fsophagitis  and  dilated 
suhmucosal  veins,  indicatinji  pdrtal  hypcilcnsion.  (HtV:l']  X  63). 

of  the  luiigy,  wais  tuuiid.  Whatever  the  repeated  chronic  iiiflammatorj^  respiratory 
attacks  may  have  been,  they  were  not  reflected  in  anatomic  changes.  Remnants 
of  old  tuberculosis  were  present  in  the  bronchial  lymph  nodes,  not  activated  by 
the  process  under  consideration. 

The  heart  showed  old  rheumatic  changes  with  thickening  and  merging  of 
the  papillary  muscles.  A  recent  subendocardial  hemorrhage  reflected  the  hypo- 
prothrombinemia  with  which  the  woman  died,  presumably  from  the  IWer  disease 
with  severe  jaundice. 

The  kidneys  were  of  normal  size  and  normal  shape.  A  few  nephrosclerotic 
ves.sels  were  found  and  were  probably  related  to  the  transient  elevation  of  the 
blood  pressure.  Bile  pigment  was  deposited  in  the  distal  convoluted  tubules  as 
an  indication  of  what  we  like  to  call  biliary  nephrosis  in  the  presence  of  severe 
jaundice. 

The  esophagus  showed  a  few  enlarged  vessels,  evidence  of  varices  which  had 
not  bled,  and  some  esophagitis  (Fig.  1).  We  thought  these  varices  reflected 
portal  hypertension  which  had  already  begun  as  a  result,  most  probably,  of  the 
hepatic  lesion. 

There  were  small  cystic  adenomas  in  the  pancreas  which  obstructed  the  duct 
and  caused  an  acute  focal  pancreatitis.  At  the  time  of  death,  there  was  some 
fat  necrosis,  probably  terminal.  Despite  the  mechanical  predisposition  for  an 
infectious  process  in  the  pancreas,  nothing  of  this  nature  had  led  to  a  chronic 
pancreatitis. 

Similarly,  in  the  gallbladder  small  adenomas  were  found,  i)ut  with  no  ex'idence 
of  a  chronic  cholecystitis.  The  common  bile  duct  was  normal. 

The  liver  weighed  1,100  grams.  We  heard  that  the  liver  was  enlarged  at  the 
time  of  the  first  admission  for  jaundice.  At  death,  the  liver  had  become  smafler. 
On  the  cut  surface,  the  lobular  architecture  could  barely  be  distinguished  but 
it  had  not  been  replaced  by  any  type  of  nodule  which  we  recognized  with  the 
naked  eye  (Fig.  2).  There  was  an  irregular  mottling  which  was  probably  due  to 
necrosis.  Cirrhosis  was  not  grossly  present.  However,  when  we  looked  at  the 
connective  tissue  stain,  much  connective  tissue  had  accumulated  throughout 
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Fig.  3.  Section  of  liver  demonstrating  that  the  lobuhir  architecture  is  basically  intact 
although  connective  tissue  bands  traverse  some  lobules  and  nodular  regeneration  is  be- 
ginning. (H&E  X  63). 


the  entire  li\-er.  The  centrolohular  area  had  undergone  collapse  following  necrosis. 
The  connecti\'e  tissne  l)ands  tra\ersed  some  of  the  lobules  and  Ix'giiniing  re- 
generative nodule  formation  was  seen.  An  (nitspoken  cirrhosis  was  not  present 
although  it  was  in  the  process  of  developing  (Fig.  3). 

In  analyzing  the  histologic  changes,  I  l)eheve  almost  everything  that  we 
would  expect  to  find  in  the  subacute  type  of  viral  hepatitis  was  present  in  this 
case.  In  the  portal  zone,  proliferation  of  ductules  was  seen  surrounded  by  mono- 
nuclear cell  infiltration.  There  was  also  accumulation  of  reticulum  cells.  This 
ductular  prolifei'ation  was  associated  with  bile  stasis  in  these  areas.  Quite  often 
in  viral  hepatitis,  some  polymorphonuclear  leukocytes  are  found.  We  assumed 
that  the.y  were  a  reaction  to  the  biliary  excretif)n  of  some  irritating  material 
which  led  to  the  proliferation  of  some  of  the  ductular  cells  as  well  as  to  the  in- 
flammatory exudate  (Fig.  4).  Wherexci  ductules  pioliferated,  coimective  tissue 
was  deposited.  This  a(!Counted  for  the  hbrosis. 

In  the  parenchyma  we  found  areas  of  necrosis  ([uite  fretjuently  surrounded  by 
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Fi(i.  4.  Fig.  5. 

Fig.  4.  Soption  of  livor  shuwiiifj;  severe  (luctuliir  ]ii()liferal ion,  inflammatory  cells  within 
and  arinnul  ductules.  iWikK  X  100). 

Fig.  5.  Irregular  regeneration  of  liver  cells  in  a  syncitial  arrangement  or  in  the  form  of 
giant  cells.  (H&E  X  240). 

moiiotiuclcai'  cells  with  irrcf^ular  I'egeneratioii  and  hc^iniiiiit!;  f^iaiit  cell  foi'niation 
(Fig.  5).  We  saw  acidophilic  l)()dies  with  pyknotic  nuclei  which  have  been  in- 
coi'rectly  called  Councilman  bodies,  and  we  also  noted  phlebitis  of  the  central 
vein  (Fig.  (i).  I  hope  we  have  accepted  that  this  was  viral  hepatitis  with  massive 
liver  cell  breakdown  in  what  may  be  a  transition  to  postnecrotic  cirrhosis  (Fig.  7). 
It  is  an  active  process  in  which  the  virus  seems  to  be  destroying  tissue.  In  the 
stroma,  extensive  areas  of  collapse  marked  the  part  of  the  parenchyma  which 
was  lost  and  we  can  understand  that  the  patient  died  in  hepatic  failure  with 
hardly  any  liver  cells  present. 

We  want  to  acquaint  ourselves  now  with  the  reaction  of  the  reticuloendothelial 
cells  of  the  liver  and  its  relation  to  the  defect  of  gamma  globulin  production. 
We  did  not  find  one  plasma  cell  or  plasmacytoid  cell  in  this  liver,  in  keeping  with 
the  low  gamma  globulin  (1,  3,  4,  (3,  7).  Despite  the  presence  of  postnecrotic 
cirrhosis  in  which  typically  the  serum  gamma  globulin  goes  up  to  veiy  high 
levels,  w^e  had  no  elevation  in  this  case.  The  flocculation  test  results  were  normal, 
also  in  keeping  with  the  absence  of  the  pyroninophilic  nucleic  acids  in  the  liver 
and  in  most  of  the  other  organs.  The  reticuloendothelial  cells  which  we  saw 
could  perform  phagocytosis  because  they  occasionally  contained  fat.  We  saw  fat 
in  the  lymph  nodes  as  well  as  in  the  liver.  Barka  has  shown  in  our  laboratory 
that  the  same  type  of  cell  which  usually  contains  pyroninophilic  material  also 
contains  much  polysaccharide  material  which  give  a  strongly  positive  periodic 
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Fi<i.  6.  Fn;.  7. 

Fk;.  6.  Phlebitis  of  the  central  vein.  (H&E  X  120). 
Fig.  7.  Xcidiiles  varying  in  .size  and  shape  suggesting  tran-sformation  to  po.sl  necrot  ic 
cirrhosis.  (Chromoti'ope  aniline  blue  X120). 

acid  Schiff  (PAS)  reaction.  Before  this  ca.se  came  to  ovir  attention,  we  toyed  with 
the  idea  that  possil)ly  the.-^e  PA8  positive  polysacchaiides  nia.\'  he  the  stimulus 
for  the  gamma  globulin  reflected  in  the  presence  of  nucleic  acids  in  the  cytoplasm 
of  the  cells.  We  hojjcd  with  these  methods  that  we  possibly  could  stain,  in  the 
same  cell,  the  stimulus  for  the  gamma  globulin  formation  (the  liver  cell  break- 
down products  presiunably  poly.saccharide)  and  the  nucleoproteins  which  are 
related  to  gamma  globulin  formation.  Independently,  also  in  our  labonitorv, 
Cohen  and  ( )hta  have  shown  that  in  the  same  type  of  n'ticailoendothelial  cells  as 
in  postnecrotic  cirrhosis,  gamma  globulin  can  be  demonstrated  by  fluorescent 
antibody  methods  (8)  (Coons  techni(iue).  Occasionally  in  the  same  type  of 
reticuloendothelial  cells,  lipofuscin,  which  is  also  PAS  pf)siti\-e  and  probably  a 
liver  cell  breakdown  product,  can  be  demonstrated  sinuill;nieously  with  gamma 
globulin.  Therefore,  before  this  case  came  to  oiu'  attention,  we  haxl  the  idea  that 
possibly  cai'bohydrate  liver  cell  breakdown  products  might  be  the  stimulus  for 
the  formation  of  gamma  globulin  in  the  mesenchymal  elements  of  the  liver, 
spleen  and  lymph  nodes. 

Then  came  this  ca.se.  Thei'e  was  no  PAS  staining  material  whatsoevei'  in  the 
liver,  no  PAS  staining  material  in  the  reticuloendothelial  cells  of  the  portnl 
tract,  despite  the  po.^sibility  of  phagocytosis,  and  no  pyroninophilia  in  these  cells. 

In  the  enlarged  lymph  nodes  at  the  time  of  death,  we  saw  icliculum  cell  hyper- 
plasia. Another  type  of  reticulum  cell  was  present,  namely,  the  littoral  cells 
which  were  very  much  in  the  background  before  and  at  the  time  of  splenectomy. 
The  lymph  nodes  as  well  as  the  spleen  were  now  rather  active.  This  was  associ- 
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Fig.  8.  Section  of  l\  inph  nude  at  porta  licpatis  showing  I'AS  positive  staining  on  a  hya- 


linized  material  (giohiiiinosis).  (PAS  stain  X  240). 


ated  with  marked  phagocytoses  (jf  fat.  At  thi.s  time  we  could  .see  some  PAS  po.si- 
tive  material  (Fig.  8)  indicating  that  formation  of  PAS  staining  material  was 
not  completely  ab.sent.  It  was  not  seen  in  the  liver.  In  the  lymph  nodes  there  was 
some  phagocytosis,  but  less  than  normally  seen.  In  addition  some  plasma  cells 
were  found  occasionally,  quite  a  few  staining  PAS  positive. 

Let  me  summarize  what  we  tried  to  present  to  you.  We  have  to  assume  that 
under  normal  circumstances  .several  stimuli  exist  for  gamma  globulin  formation. 
One  stimulus  probably  comes  from  infection.  In  addition,  probably  normally  in 
the  liver,  cell  bi'eakdown  processes  of  various  types  occur  which  account  for  the 
stimulation  of  the  gamma  globulin  formation.  The  breakdown  products  are 
probably  mucopolysaccharides  or  perhaps  lipofuscin.  Both  may  be  directed  to 
the  reticuloendothelial  cells.  Lymphocyte  and  plasma  cell  development  is  a.ssoci- 
ated  with  gamma  globulin  and  antibody  formation.  In  hypoganmiaglobulinemia, 
the  defect  lies  somewhere  in  this  area  (4,  5)  because  neither  infection  nor  cell 
breakdown  products  led  to  polysaccharide  or  lipofuscin  in  the  liver  or  in  reticulo- 
endothelial cells.  I  have  subsequently  had  the  opportunity  to  study  one  case  of 
congenital  hypogammaglobulinemia.  A  large  amount  of  cell  breakdown  material 
stained  with  PAS  could  be  seen. 

In  the  case  under  our  consideration,  the  defect  must  be  that  either  cell  break- 
down products  are  not  formed,  or  if  they  are,  they  are  probably  not  of  the  nature 
of  neutral  mucopolysaccharides.  The  breakdown  probably  goes  into  other 
channels. 

In  this  instance,  then,  we  have  to  a.ssume  that  we  have  a  temporary  deficiency. 
Phagocytosis  remains  intact  but  cell  bi'eakdown  products  may  have  been  absent, 
and  acquired  hypogammagloljulinemia  developed.  Other  antibody  formation  is 
not  necessarily  impaired;  the  penicillin  reaction  may  not  require  gamma  globulin, 
although  isoagglutinins  are  also  present  (1,  4,  7).  If  gamma  globulin  .stimulation 
from  cell  breakdown  is  absent,  even  in  the  presence  of  a  certain  type  of  carbo- 
hydrate and  in  the  presence  of  a  severe  viral  hepatitis,  why  is  this  associated 
with  reticulum  cell  hyperplasia? 

I  cannot  an.swer  this.  This  may  be  only  the  result  of  chronic  infection,  although 
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I  doubl  it  because  IK)  infect  idii  pioduces  a 'i.illK)  <i;raiii  s|)leeii,  (.'J,?,  10)  I  suggest 
that  allcpod  cell  breakdown  is  responsible  for  the  abnormal  lack  of  j)rolein  forma- 
tion (0).  Wo  may  also  speculate  that  these  reticulum  cells  normally  mature  into 
cells  that  i'e(|uii'e  such  breakdown  products  to  produ(^e  gamma  globulin. 

In  closing,  we  ha\'e  presented  a  (^ase  which  shows,  as  a  (dinical  manifestation, 
the  unusual  coml)ination  of  ac<iuired  hypoganunaglobulinemia  with  death  in 
hepatic  failinc.  Such  cases  have  been  reported  but  it  is  indeed  an  unusual  cUnical 
l)icture.  \\  v  added  to  it  the  findings  of  absence  of  cai'bohydrate  cell  breakdown 
l)roducts  usually  found  in  large  aniounts  in  the  presen(;e  of  a  severe  hver  cell 
destruction.  We  can  si)eculate  that  this  may  possibly  be  the  cause  of  the 
metabolic  alteration. 

Filial  DiiKjnods:  Subacute  vik.vl  hep.\titi.s  with  transitio.x  i.vro  post- 

NECUOTIC  CIRRHOSIS,  ACQUIRED  HYPOGAMMAGLOBULINEMIA,  ACUTE  BRONCHO- 
PNEUMONIA (terminal),  AND  P^OCAL  ACUTE  PANCREATITIS. 
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Effect  of  Cardial-  1  rrailiatiiin  upon  M  i/ocaididl  \'<is<  iilai  il!/.  lOlliot  Senderoff,  M.D.,  J);ivi(l 
Kavee,  M.D.,  Mamoru  Kaneko,  M.l).,  and  Ivati  I).  Baronofskv,  M.IJ.  Presented  February 
25,  1959. 

The  use  of  cardiac  irradial  ion  as  a  1  heraix'ut  ic  measure  of  increasing  myocardial  vascu- 
larity was  investigated  in  a  series  of  SO  dogs.  These  dogs  were  divided  into  a  radiated  and 
a  control  group.  The  former  were  subdivided  into  two  groups  receiving  to  the  heart,  a  total 
radiation  dose  of  1800  and  2000  Roentgens  respectively.  Two  hundred  kilovolt  radiation 
was  used.  Electrocardiographic  and  microscopic  analysis  in  the  pre  and  post  radiation 
period  revealed  no  evidence  of  harmful  cardiac  changes. 

In  an  attempt  to  evaluate  the  degree  of  protection  that  radiation  may  afford,  all  dogs 
were  subjected  to  acute  myocardial  insult  by  ligation  of  the  anterior  descending  coronary 
artery  at  its  origin.  The  24  hour  mortality  figures  reveal  a  significant  difference  between  the 
control  and  the  irradiated  groups.  Three  of  30  control  dogs  (10.3'  i  ) ,  eight  of  25,  1300  Roent- 
gen dogs  (32'  ().  and  12  of  25,  2000  Roentgen  dogs  (48' i )  survived  ligation  without  fibril 
lation  and  were  alive  24  hours  later. 

Physiological,  pathological,  and  electrocardiographic  studies  were  performed  on  sur- 
viving dogs  at  intervals  up  to  six  months  post  ligation.  Peripheral  coronary  pressure  and 
flow  determinations  measured  distal  to  the  coronary  ligature  revealed  good  retrograde  flow 
and  peripheral  pressure  among  the  radiated  dogs  surviving  ligation.  The  greatest  flows 
were  observed  at  six  months  post  ligation.  Barium  injection  studies  and  post  mortem  coro- 
nary arteriograms  revealed  the  blood  to  flow  in  a  retrograde  fashion  from  intercoronary 
anastomoses  between  the  ligated  anterior  descending  coronary  artery  and  the  unoccludeil 
branches  of  the  remaining  arterial  tree.  In  the  radiated  dogs  the  anastomoses  are  numerous 
and  well  developed.  Comjjarison  of  eciuivalent  radiated  and  control  dogs  revealed  the  radi- 
ated hearts  to  appear  more  vascular.  Pathological  studies,  gross  and  microscopic,  revealed 
the  presence  of  infarcted  muscle  involving  tlie  entire  thickness  of  the  ventricular  wall  in 
the  control  dogs.  The  radiated  dogs,  of  equivalent  survival  periods,  did  not  exhibit  this 
through  and  through  infarction  but  did  exhibit  a  spared  area  of  varying  degree  of  normal 
heart  muscle  in  the  sub  epicardium  region  throughout  the  extent  of  the  infarction.  [More 
detailed  reports  will  be  available  in  Surgical  Forum,  Proc.  Soc.  Exper.  Biol.  &  Med.  100, 
j^959;  Amer.  J.  Roentgenol.] 

Prolonged  Extracorporeal  ('irciilutio)i  Without  Oxygenation  in  the  Closed-Chest  Dog.  Leslie  A. 
Kuhn,  M.D.,  Frank  Gruber,  M.D.,  All)ert  Frankel,  M  l),  and  Sherman  Kupfer,  M.D. 
Presented  March,  1959. 

To  determine  the  maximum  degree  of  circulatory  suppcjrf  which  could  be  maintaineil 
by  a  pump-oxygenator  with  perijilieral  cannulation  and  the  chest  closed,  five  animals  with 
cardiac  outputs  reduced  to  zero  Ijy  externally  induced  ventricular  fibrillation  were  studied. 
Mechanically  jjrovided  flow  averaged  60  cc/kg/min,  producing  an  average  mean  arterial 
pressure  of  94  mm  Hg  and  a  coronary  circulation  sufficient  to  ])ermit  external  defibrillation 
after  three  hours  of  ventricular  fibrillation. 

To  rapidly  increase  coronary  pressure  by  mechanical  circulatory  support  with  the  chest 
closed,  a  method  was  devised  to  raise  proximal  aortic  pressure,  requiring  a  small  priming 
volume  and  without  the  need  for  oxygenation.  Vascular  resistance  was  artificially  increased 
li\  a  balloon  catheter,  inserted  via  femoral  artery,  to  the  lowest  level  of  the  abdominal 
aorta  at  which  inflation  produced  a  proximal  aortic  pressure  rise.  (Usually  at  L2-3;  some- 
times distal,  at  other  times  immediately  proximal  to  the  renal  arteries.)  The  distal  aorta 
was  supplied  with  blood  drawn  by  gravity  from  the  superior  vena  cava  and  pumped  into 
the  abdominal  aorta  below  the  site  of  obstruction.  In  17  experiments,  for  periods  up  to  4i-^ 
hours,  [jroximal  aortic  mean  pressure  averaged  156  mm  Hg  (control-117) ;  distal  aortic  pres- 
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sure  iivcrafiiiiji '^<>  iHin  11^  with  an  avcrafic  How  inlo  llic<listal  aoria  of  14  cc/kn/iiiiii.  Willi 
olisl  laicl  idii  proxiinal  In  llic  iM'iial  artrrii's,  renal  I'linclion  was  prcscnl ,  t  liougli  (liininisluMl, 
\\  il  li  re  I  urn  I  a  II  Is  niiinia  1  a  I  1  lir  cml  i  if  I  lie  |  in  icci  lure.  The  riso  ill  ])roximal  aort  ic  |)ros.siirc 
w  as  associa  I  cil  w  il  h  a  diini  nul  ion  in  t  he  Icl't  vciil  ricuhir  work  of  IS  to  35  per  cent ,  at  (  ribu- 
tiil)Ie  to  a  Idwcrcil  (■ar(lia<'  uuti)iit  accompanying  shuntiiif;  of  a  jjortion  of  the  venous  return 
into  the  distal  aorta.  I'iasnia  heinof;loi)in  averaged  160  mg  per  cent  after  four  hours. 

With  this  method,  six  closed'chest  animals  with  coronary  embolization  with  ])lasli(; 
spheres  demonsi  rat  ed  a  marked  proximal  aortic  pressure  rise.  (Average  mean  control  pres- 
sure, 113  mm  Hg;  after  embolization,  73  mm  llg;  with  aortic  obstruction,  |)roximal  aorta  — 
151  mm  Hg  and  distal — 61  mm  Hg).  [More  detailed  reports  will  be  available  in  ( 'irculal  ion 
Uesearch,  and  Surgical  Forum.] 

Brain  Stein  AcIkhi  I'iiU  iiIkiIk  ConclaUil  irilh  Ki/c  Morcnicnls.  Howard  1'.  Krieger.  Presented 
June  11,  1959. 

Brain  stem  oculomotor  functions  have  been  analyzed  mainly  by  the  methods  of  stimu- 
lation, destruction  and  clinico-pathologic  correlation.  This  is  a  report  on  the  correlation 
l)et\veen  eye  movements  and  evoked  potentials  recorded  within  the  l)rain  stem  of  alert, 
cervically  transected  cats.  Only  points  from  which  eye  movements  could  be  elicited  by 
electric  stimulation  were  studied.  Single  electrical  stimuli  evoked  single  potentials  un- 
accompanied Ijy  eye  movements.  Repetitive  stimuli  of  a  frcciuency  greater  than  c.  120/sec. 
elicited  eye  movements.  The  concomitantly  evoked  potentials  had  a  fre(|ueiicy  and  duration 
equal  to  the  stimulus.  In  contrast,  during  nystagmus,  rhythmic  potentials  which  outlasted 
the  stimulus  w^ere  recorded.  Nystagmus  was  elicited  by  caloric  and  electric  stimulation  of 
the  vestibular  end  organ  and  by  brain  stem  or  cerebellar  destruction.  Evidence  of  self- 
sustained  electric  activity  was  not  otherwise  noted. 
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